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Chapitre 1 : Aspects Diagnostiques, Cliniques et 
Cognitifs du Trouble Bipolaire 
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Figure 1. Anomalies d’activations fronto-limbique chez les patients bipolaires maniaques, dépressifs 
et euthymiques par rapport aux sujets contrôles sains. Les zones en bleu représentent les régions 
significativement moins actives chez les patients bipolaires. Les zones en rouge représentent les 
régions significativement plus actives chez les patients bipolaires. Extrait de Chen et al. (2011). 
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Figure 2. Illustration des huits réseaux cérébraux les plus communément identifiés au repos. (A) 
réseau visuel primaire; (B) réseau visuel extra-strié; (C) réseaux auditifs et sensoriels associatifs; (D) 
réseau somato-moteur; (E) le “default mode network” (DMN), désactivé pendant les tâches 
cognitives de haut niveau et impliqué dans les processus de mémoire épisodique et représentations 
mentales auto-référentielles; (F) un réseau impliqué dans le contrôle exécutif et le traitement de la 
saillance; et (G,H) deux réseaux fronto-pariétaux, latéralisés à droite et à gauche, spatialement 
similaires au réseau de l'attention (dorsal bilatéral) et impliqués dans la mémoire de travail et les 
processus attentionnels (Beckmann et al., 2005). Extrait de Cole et al. 2010. 
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Figure 3. Illustration du phénomène d’anticorrélations entre le « default mode network » et le « task 
positive network ». Les régions en jaune sont positivement corrélées aux régions impliquées dans 
l’attention soutenue ou la mémoire de travail (« task-positive seeds ») et anticorrélées aux régions en 
bleu habituellement désactivées lors de tâches cognitives (« task-negative seeds »). Le « task-
positive network » comprend le sillon intra-pariétal (IPS), le gyrus oculomoteur (FEF) et le l’aire 
temporale moyenne (MT). Le « default mode network » comprend le cortex cingulaire postérieur 
(PCC)/précuneus, le cortex pariétal latéral (LP) and le cortex préfrontal médial (MPF). Extrait de Fox 
et Raichle (2007). 
06( 	 	 
* ' 	



%
	
B

	JKKL&?%D
	JKNJ&(#	JKNH
' 	 
 
'$ 9

	%B
	
  	 JKKQ  ' 	 
 "

?		JKKT&_`	JKNK&?
	JKNN1
	
_`
	 JKNK      4?<  	 
 "   


  


  	 

  ?"= 
	 ?"=E6  
	.
		! 	
	


 06( U7  	 JKNH  	  


  	 

  .

	
 
 ' 	 
 "   ) 
 1

 	 
 
	
 
  	 JKNJ    
  	

		?"=6	
		

 
 
    
 !  	


	 	

	,5D-
 	


06(
	2	'	
"

	

	
'


   
	
  	 	 

 	 
	


			
	
0	

		
	
	
		
$
.	

"




,
Chapitre 2 
HJ

 -  		
  	 


  


	!


185A		;7		;		7	884=4	A7	E8488	78		
	 5	 8	 =48	 ;8	 6;A748	 	 7	 55;84748	 	 >48	 E8
45A4<;	7	4548;48		7	884=4	E845A4<;	:L		6748	'	5O5	
8	17A8	1;8	578	>844=	;	1;8	7458	5488	F644	6;74	
O	I	14>48		7	>;748	5488	A=	78		;A	78548'	
1;		7	884=4	A7	7;	6	78		4EE8	7		64		7	
5774	7		6;	;4			874	6;	484E4		57<;;	@	74	B	;	
;A	
 	 6;'	 7	 87;	 F7	 	 	 78574	 	 8	 I	 64'	 87558	 	
7	78754<;	;H78			
 	
Neuroimagerie du TB 
HH
* 7	8;78754<;	;		
;	 7=8	 =;	 78	 7	 48	 68	 <;1;8	 >78	 57H4	 	 ;	 E	 7	
58	 	 6;A748	 78	 	 4;4	 A7;F	 E845A4<;	 ;878	
	 6;	 >844E	 	 5488'	 68458	 I	 14>48	 	 56K5	
A=	 78	 	 	  	 85A;	 ;	 	 8	 >758	 48	 7;F	
7	;;7;FD56:>4<;		78574	8;E8488	A=		
 78	7	;4			:764	8;	8;	488	78	;8	654	56	7;F	;	
56:54<;	 778	 58	 	 54E4748	 	 =;5	 	 7	 ;A78	 >4	
:L	 	 6748	 	  78	 ;8	 8	 56'	 8;	 F75488	 	 ;7	 1;	
778	 6	 ;	 	 54E4748	 54;;	 	 7	 ;A78	 A78:	 :L	 	
6748		=47	1457>4	67	8;		4EE;48			
*% 8574		7	;A78	>4	
	6:54	
 
$   
	
 	456   
 . 
	

	
*		


456		

NJ
	
$
	

		
 
		
$   


 
  	  
 /B   	 
	/




	
	<

 
 	 
$   456    	
 

	 	.' 	
".#
	 	

  	  	
 U  	 JKKT 	
  
 

 
   
  
 	 
    
  ,
 
2@ 584-    
  	
V	
%

"


   	  , 
- 
 ,2
 
3 1

	
 	  E6,
 3 
	  /

	
"
6
%/"6		
	

<.444
0   
 	
 ' 	 
 "  
  		    )	  	 
  	 	
 

 
	

  	  584    	 

 /	 	
 	 	  		  
 " >  /737
  	 NQQQ&
Chapitre 2 
HS
<			JKKK&
			JKKH

"		NQQL&		
JKKH& 5  	 JKKL   

 ! 	
  # )	 /3'  	
NQQJ& ='
  	 JKKT A %	       







			'		"			

				'		"D#7	JKKQ,


-






	
		 
 	 %	    	 JKNK  	  	   	
	


!	


		
?	




			


 <

  
 a ?  	 JKKL    

<	
	JKKQ	

 
$   
	
 	  E6    





	/B

					JKKS&
64	JKKS&(	JKKP	
	D	JKKQ



??<	JKKS&	JKKS'	
".#

? 	  
  
   %	   	 JKNK&
1		
%9
R		JKNK&D	JKNN&/	#	JKNJ

/B

??<	2	

		


 	
"#

 .    		
   	 JKNK 1  	 ??< #  )	

	




	17
	JKNN

 
   
 #  	 

 

	   	  G`	  	 JKKH 0$ 	 %	  1		
%
9
  		 JKNK  
  ??<  
  	 
 	 

	
		

	
"

'$0	
	
	/B
.%
	


		

 

 	 


 "	JKKJ
 	 	

  		
   	 JKNK 1  	 
 .
 	  



	/B
%
	
	
	 
 " 
  		
   	 	 
	  

	JKNK
%			/	#	JKNJ	
$
	

	


%4%
Neuroimagerie du TB 
HM

.%
	

'	
".#
1
		


		,
-
		
	
	


	
	%	

	

	
	

	
B=4=
S

Figure 4. Diminution de la substance grise du cortex fronto-insulaire dans le trouble bipolaire. Les 
zones rouges représentent les régions atrophiées chez les patients bipolaires par rapport aux sujets 
sains. La barre rouge correspond aux scores Z associés. Les zones vertes représentent la région se 
situant principalement dans le gyrus frontal inférieur. La barre verte correspond aux scores Z 
associés. Les zones roses représentent les régions avec une hétérogénéité significative entre les 
différentes études. La barre rose correspond aux scores Q associés. Extrait de Selvaraj et al. (2012).  
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Figure 5. Diminution de l’anisotropie fractionnelle de la substance blanche chez les patients 
bipolaires par rapport aux sujets sains. a) Cluster le plus robuste, localisé dans la région temporo-
pariétale droite (en rouge) et superposé sur le faisceau fronto-occipital (en bleu). b) Clusters 
secondaire, localisés dans le gyrus cingulaire postérieur-moyen et antérieur gauche, superposés sur 
le cingulum gauche (en jaune). Extrait de Nortje et al., 2013.    
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Figure 6. Troubles de la connectivité fronto-striato-thalamo-frontale, favorisant le traitement anormal 
de l’information émotionnelle et le déficit de la régulation émotionnelle dans le trouble bipolaire. 
Extrait de Mahon et al., 2010.  
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Chapitre 3 : Modèles Neurocognitifs du Trouble 
Bipolaire 
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Figure 7. Illustration schématique des principales divisions connections afférentes et efférentes de 
l’amygdale. Source inconnue.  
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Figure 8. Modèle de régulation des émotions de Ochsner & Gross (2007). La figure indique les 
localisations relatives du système d'évaluation « top-down » basé sur la description dans le cortex 
préfrontal dorsal médial et latéral, du système d'évaluation reposant sur le résultat dans le cortex 
préfrontal ventral et orbital, et des systèmes « bottom-up » de traitements perceptifs et affectifs dans 
les régions corticales postérieures et sous-corticales. ACC : cortex cingulaire antérieur ; PFC : 
cortex préfrontal. Extrait de Ochsner & Gross (2007).  
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Figure 9. Modèle neuronal schématique illustrant les possibles anomalies cérébrales fonctionnelles 
au sein des systèmes neuronaux impliqués dans les processus volontaires et automatiques de 
régulation des émotions dans la maladie bipolaire. ACG : Cortex cingulaire antérieur ; DLPFC : 
cortex préfrontal dorsolatéral ; OFC : cortex orbito-frontal ; MdPFC : cortex préfrontal médio-dorsal ; 
VLPFC : cortex préfrontal ventrolatéral. Extrait de Phillips et al. (2008). 
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Figure 10. Modèle de dérégulation du contrôle émotionnel externe et interne dans la maladie 
bipolaire, impliquant des anomalies structurelles et fonctionnelles au sein des réseaux préfrontaux 
ventrolatéral et ventromédial. Les régions encadrées en vert présentent une différence fonctionnelle 
entre patients bipolaires et sujets sains. Les anomalies de connectivités fonctionnelles observées 
sont indiquées par les flèches bleues et les anomalies de connectivités structurelles par les flèches 
en pointillés. Les encarts rouges indiquent les anomalies structurelles observées après le premier 
épisode de la maladie. Les encarts bleus indiquent les anomalies structurelles qui peuvent précéder 
l’apparition de la maladie. G : Globus ; PFC : cortex préfrontal ; OFC : cortex orbito-frontal ; BA : 
aires de brodmann. Extrait de Strakowski et al. (2012). 
?$
$..
		

)						

	 
 

 	 
 .2  	  	

	

	  
		  	   
 
 
Modèles Neurocognitifs du TB 
MH

 
 ) 
	   4	 	  
 


	%
		
 		
   
	
  	

  	

 
		 
  . ?"= 
	  
  
  
  



!		

			0		$	
	
 	.
 

  	 $ 	 	  	 $
	 	 
	
    

  
	  


  ?"= .  . 
 	  
  ??< <

 	
	
  $ 	%
	 

  	 

  .


	
$	


	





.


?
N	

		

, 8;48	
$	

			

	


		   	   
 
		   

	

 
 2 	   

 	 	  

	 
	
  	 
  	



  
 
 	



	0	 	

'
!
		
	
2.	

#?"=
	
	"
		
	JKKT


	


	


?	$	.	
		



  
 	 		  	    
456
?
J/737
	JKNJ

	)	


.
	



	456456


Chapitre 4 : Rôle de la Psychoéducation dans la 
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Tableau 1. Niveaux et objectifs des mécanismes de la psychoéducation (Colom & Vieta, 2006) 
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Tableau 2. Séances du programme de psychoéducation pour les troubles bipolaires des Barcelone 
(Colom & Vieta, 2006) 
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Tableau 3. Contenu du programme de psychoéducation tel qu'il est recommandé par la Fondation 
FondaMental. 
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a b s t r a c t
Bipolar disorders (BD) are mainly characterized by emotional and cognitive processing impairment. The
cerebral substrate explaining BD impairment and the action mechanisms of therapies are not completely
understood, especially for psychosocial interventions. This fMRI study aims at assessing cerebral
correlates of euthymic bipolar patients (EBP) before and after psychoeducation therapy. Sixteen EBP
and 16 matched healthy subjects (HS) performed a word-face emotional Stroop task in two separate fMRI
sessions at 3-month interval. Between fMRI sessions, EBP underwent psychoeducation. Before psychoe-
ducation, the comparison of EBP vs. HS in fMRI data revealed (a) significant decreased activity of
cognitive control regions such as bilateral inferior and left superior frontal gyri, right insula, right
fusiform gyrus and bilateral occipital gyri and (b) significant increased activity of emotion-related
processing regions such as bilateral hippocampus, parahippocampal gyri and the left middle temporal
gyrus. After psychoeducation, EBP showed significant clinical improvement, increased activity of inferior
frontal gyri and a tendency toward decreased activity of right hippocampus and parahippocampal gyrus.
These results suggest that the imbalance between cognitive control and emotion processing systems
characterizing BD acute episodes may persist during euthymic periods. Moreover, this imbalance may be
improved by psychoeducation, which enhances the cognitive control and modulates emotional fluctua-
tions in EBP.
& 2013 Elsevier Ireland Ltd. All rights reserved.
1. Introduction
Bipolar disorders (BD) are characterized by abnormal emotional
and cognitive processing during thymic critical episodes (mania
and depression) and inter-critical (euthymic) periods (Soreca et al.,
2009; Leboyer and Kupfer, 2010). Thymic episodes are associated
with socio-professional disability, deterioration in the illness’
evolution, increased risk of comorbidities, addictions, and suicide
(Goldstein et al., 2011; Undurraga et al., 2011). Inter-critical
periods are nevertheless not free of residual cognitive and/or
emotional symptoms (Judd et al., 2005; Torrent et al., 2006;
Bauer et al., 2010). Some of these symptoms actually represent
trait characteristics of the illness. The identification of trait
abnormalities in BD and the related cerebral substrate is particu-
larly important as it may contribute to early diagnosis of BD thus
reducing the latency to adequate treatment and improving out-
come (Cusin et al., 2000; Altamura et al., 2010).
Current neurophysiological models suggest that mood dysregula-
tion in BDmay be explained by the imbalance between the limbic and
prefrontal cerebral networks: first, an overactivation of both limbic
and prefrontal regions involved in emotional perception and identifi-
cation. It includes subcortical (ventral striatum, thalamus) and medial
temporal (amygdala, hippocampus and parahippocampal gyrus)
regions, and also some prefrontal regions such as the orbitofrontal
cortex (OFC) and the rostral part of the anterior cingulate cortex
(rACC). Second, an hypoactivation of prefrontal areas responsible for
executive functions, attention and emotion regulation, including the
dorsolateral prefrontal cortex (dlPFC), ventrolateral prefrontal cortex
(vlPFC) and the dorsal part of the anterior cingulate cortex (dACC)
(Phillips et al., 2003, 2008a; Strakowski et al., 2005b, 2012). However,
it has not been clearly demonstrated whether these fronto-limbic
abnormalities persist during euthymic states, which would constitute
trait abnormalities of BD (Hariri, 2012).
Previous functional magnetic resonance imaging (fMRI) studies
that compared cerebral activity of euthymic bipolar patients (EBP)
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to healthy subjects (HS) usually used two broad classes of activa-
tion paradigms: emotional or cognitive (Chen et al., 2011). With
respect to emotional paradigms, the majority of previous studies
used emotional facial expressions under various tasks. Some of
them exhibited increased limbic activity in EBP compared to HS by
using stimuli varying in emotional intensity. Specifically, EBP vs.
HS showed increased activity of left striatum in response to mild
happy faces (Hassel et al., 2008), of the left amygdala and left
hippocampus for emotional vs. neutral faces processing (Chen
et al., 2010), and of the left putamen in response to mild fearful
faces (Surguladze et al., 2010). However, decreased limbic activity
was also showed in EBP compared to HS during emotional tasks.
Particularly, decreased activity was found within bilateral amyg-
dala and temporal pole by using backward masking paradigm (Van
der Schot et al., 2010) and within ventral ACC, OFC and striatum in
response to happy and neutral faces (Liu et al., 2012). The use of a
face matching task did not reveal significant amygdalar activity
between EBP and HS (Robinson et al., 2008). Considering the
prefrontal cortex (PFC), the use of a face matching task (Robinson
et al., 2008) increased the activity of the right inferior frontal gyrus
(IFG) in EBP compared to HS. Moreover, in response to fearful and
happy faces the medial PFC showed increased activity in EBP
(Surguladze et al., 2010). Furthermore, compared to HS, the EBP
showed decreased activation of the right IFG in the labeling emotion
condition of a face matching task (Foland-Ross et al., 2012), decreased
activation of the left IFG and the left middle PFC in response to facial
expression of disgust (Malhi et al., 2007b), decreased activation of the
right dorsolateral PFC (dlPFC) in response to neutral, mild and intense
happy faces as well as within the left dlPFC in response to neutral,
mild and intense fearful faces (Hassel et al., 2008).
Similarly, previous fMRI studies testing cognitive control pro-
cesses showed increased IFG activity in EBP compared to HS
during a color-word Stroop task (Blumberg et al., 2003) and a
Continuous Performance Task (CPT) (Strakowski et al., 2004).
Other studies found decreased right middle PFC activation in EBP
compared to HS by using a counting Stroop interference task
(Strakowski et al., 2005a) and decreased activity of left IFG and
dlPFC during a color-word Stroop task (Kronhaus et al., 2006). In
respect with limbic regions, increased activation of left parahip-
pocampal/amygdala during a CPT (Strakowski et al., 2004) and
decreased activation of left fronto-polar cortex and bilateral
amygdala during a Go/Nogo task (Kaladjian et al., 2009a) have
been shown in EBP compared to HS.
These inconsistencies may be due to several factors such as
medication effect or comorbidities (Phillips et al., 2008b), but the
variability of task paradigms used may probably be the most
important factor. Indeed, most fMRI studies used either cognitive
or emotional tasks but few of them employed tasks that involved
both cognitive and emotion processes that may better approach
the emotion regulation processes (Malhi et al., 2005, 2007a;
Lagopoulos and Malhi, 2007; Wessa et al., 2007). However, using
an emotional Stroop task, both increased (Lagopoulos and Malhi,
2007) and decreased (Malhi et al., 2005) activations of the limbic
systemwere shown in EBP compared to HS. With an emotional go/
nogo task an increased overall activation of the fronto-striatal
network in EBP was reported (Wessa et al., 2007). Consequently, it
is necessary henceforth to more precisely identify trait character-
istics of the BD using tasks designed to involve both emotional and
cognitive processing that may also assess emotion regulation
processes in BD patients (Phillips et al., 2008a). An emotional
word-face Stroop adapted from Etkin et al. (2006) was used in the
current study. By using emotional words and faces that may be
congruent or not, this task permits to implicitly distract attentional
control by emotional material and therefore examine neural
systems involved in emotional processing and cognitive control
interaction. Because this task included fearful, happy and neutral
facial stimuli, it also allows assessing the impact of the emotional
valence and arousal dimensions in emotional processing.
Furthermore, next to a better understanding of the pathophy-
siology of BD, the development of therapeutic strategies constitu-
tes a real challenge. Indeed, despite relative effectiveness in a
majority of patients, pharmacological treatments are insufficient
on a functional level, as well as on residual depressive, dysthymic
and dysphoric symptoms (Tohen et al., 2000; Huxley and
Baldessarini, 2007). Consequently, in parallel with pharmacologi-
cal progress, psychosocial interventions have recently undergone
great development (Swartz and Frank, 2001; Zaretsky, 2003;
Colom and Vieta, 2004; Miklowitz, 2008). Most of these interven-
tions target emotional and cognitive processes in order to improve
adaptive processes and reach functional recovery (Honig et al.,
1997; Bernhard et al., 2006). Among various therapeutic
approaches, clinicians, therapists and researchers have recently
shown a particular interest in psychoeducation for BD treatment
(Colom et al., 2003a; Rouget and Aubry, 2007). The aim of this
approach is to teach patients to better manage BD symptoms in
everyday life, to improve coping strategies and to optimize
compliance with pharmacological treatment in order to prevent
thymic relapses and improve functioning (Perry et al., 1999; Colom
et al., 2003b). Positive outcomes of psychoeducation in BD have
been observed rapidly and are long lasting (i.e., five years),
particularly in terms of risk, duration and severity of relapses
(Colom et al., 2003a, 2009; Rouget and Aubry, 2007). Moreover,
positive effects have been observed in terms of quality of life
(Michalak et al., 2005) and social functioning (Perry et al., 1999).
Psychoeducation benefits in BD are similar to those revealed by
CBT (Miklowitz, 2008; Costa et al., 2010), which are nevertheless
more time- and care- consuming to allow detection positive effects
(Zaretsky et al., 2008). Despite significant improvements in clinical
symptoms, the behavioral and neural mechanisms associated with
psychoeducation are not completely understood (Miklowitz and
Scott, 2009). It has been suggested that the mechanism of psy-
chotherapeutic action would be top-down (Mayberg et al., 1999) as it
first involves modulation of cortical activity with a subsequently
impact on subcortical regions. In contrast, pharmacological treat-
ments could act in a bottom-up way (Mayberg et al., 1999; Mayberg,
2009) as they act first on a subcortical level (neurotransmitters brain
centers), then modulating activity at a higher cortical level.
The present study compares EBP and HS cerebral activity during
performance of a task involving both cognitive and emotional
processes, a word-face emotional Stroop (Etkin et al., 2006). Two
objectives have been defined. First, we aimed to better identify
neurofunctional abnormalities in EBP that could be the trait char-
acteristics of BD. At the behavioral level, we assumed an increased
emotional interference in EBP compared to HS, which may result in
lower task performances in emotionally incongruent condition
compared to congruent condition. At the cerebral level, EBP would
reveal decreased activity in prefrontal regions during emotional
conflict processing and increased activation of limbic regions during
emotional processing. Second, we aimed to assess the effect of
psychoeducation at the cerebral level. In order to answer this
question, we compared EBP cerebral activity before and after
psychoeducation. We assumed that psychoeducation modulates the
activity of prefrontal and limbic networks underlying cognitive
control and generation of emotional responses, respectively.
2. Methods
2.1. Participants
Sixteen EBP (mean age7SD: 40.4711.8 years, nine females) and 16 HS
matched on age and gender (mean age 40712.5 years, nine female) were included
in the study. EBP were right-handed and four HS were left-handed. All participants
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were at least high school graduates. Inclusion criteria for EBP were defined
according to both Montgomery and Asberg Depression Rating Scale (MADRS)
(Montgomery and Asberg, 1979; Pellet et al., 1981) and Young Mania Rating Scale
(YMRS) (Young et al., 1978; Favre et al., 2003) (for both scales score o10). All
patients were diagnosed for bipolar disorder (BD) by an experienced psychiatrist
according to DSM IV criteria for BD and confirmed by using the French version of
the Structured Clinical Interview (SCID) for DSM IV (First et al., 2002). Eleven BD
patients were diagnosed with bipolar disorder type I and five with bipolar disorder
type II. The mean age of illness onset was 26.479.3 years and the mean duration of
the illness was 13.976.8 years. One patient was medication-free and the others
received different combinations of drugs including lithium (nine), anticonvulsants
(ten), antidepressants (eight) and atypical antipsychotic agents (one). Furthermore,
medication was maintained constant during the two phases of the study.
For all of participants exclusion criteria included: history of alcohol or drug
abuse; current or past neurological and/or medical diseases affecting cognition;
history of head trauma with loss of consciousness; metal implants. Additional
exclusion criteria were (i) for EBP: any current other Axis I psychiatric disorder and
sismotherapy during the precedent year; (ii) for HS: past or present psychiatric
disorder and family history of psychiatric disorders, as well as any medical
treatment affecting cerebral activity. This study has been approved by the local
University Hospital Ethic Committee (n1 AU 898/2011) and each participant gave
written informed consent.
Sixteen EBP were included in the study and were examined via fMRI before (t1)
and after (t2) a 3-month psychoeducation program. Two patients did not complete
the 3-month psychoeducation program (personal schedule problem) and thus were
not examined with the fMRI at t2, they were not included in the final analysis.
Sixteen matched HS were also examined via fMRI at t1 and 14 at t2, without
psychoeducation. Additionally, one BD patient and one HS were discarded from the
study because of excessive head movements or susceptibility artifacts during
scanning. Overall, 15 EBP and 15 HS were included in statistical analysis before
and 13 EBP and 13 HS after completion of the psychoeducational program,
respectively.
2.2. Clinical and neuropsychological examination
For each EBP included in the study (i) clinical and, (ii) neuropsychological
assessments were carried out before (t1) and after (t2) the psychoeducation.
2.2.1. Clinical assessment
Each EBP completed a clinical evaluation at the time of the inclusion and at the
end of the psychoeducation program. Two broad classes of clinical scales were used
to assess the clinical improvement after the psychoeducation on affective state as
well as on specific characteristics of BD. First, the affective state of EBP was assessed
with mood and emotional scales such as YMRS and Altman (manic polarity);
MADRS and QIDS-SR (depression severity); State Trait Anxiety Inventory A, B (STAI)
(Spielberger et al., 1993), for state and trait anxiety; and Affective Lability Scale
(ALS) (Harvey et al., 1989), Affect Intensity Measurement (AIM) (Larsen and Diener,
1987) and Multidimensional Assessment of Thymic State (MAThyS) (Henry et al.,
2007), to assess emotional lability, intensity, and reactivity, respectively. Second,
specific characteristics of BD were evaluated through the scores of compliance
[Medication Adherence Rating Scale (MARS) (Thompson et al., 2000)]; circadian
rhythm [Composite Scale of Morningness (CSM) (Smith et al., 1989)]; global
functioning in everyday [French version of the Global Assessment of Functioning
Scale (Endicott et al., 1976)]; social functioning quotient (QFS) (Zanello et al., 2006);
knowledge and representation of the BD (two scales adapted and developed by
French Academic Centers of Expertise in Bipolar Disorder) (FACE-BD); and stress
management [Way of Coping Checklist (WCC) (Cousson et al., 1996)]. Two multi-
variate analyses of variance (MANOVA) were used to assess separately the
improvement of the affective state and the evolution of specific characteristics of
BD before vs. after the psychoeducation. If a significant effect was observed in
MANOVAs, we used analysis of variance (ANOVA) to identify which scales
contribute significantly to the overall effect. All clinical scores are summarized in
Table 1.
2.2.2. Neuropsychological assessment
Premorbid intellectual quotient was obtained using the French version of the
National Adult Reading Test (fNART) (Nelson, 1982). Attention and mental flexibility
were investigated with the Trail Making Test (TMT) (Spreen and Strauss, 1998).
Codes and Symbols subtests of the Wechsler Adults Intelligence Scale (WAIS)
(Wechsler, 1997) were used to assess processing speed and Verbal fluency tests
were used to assess semantic memory processes. Inhibitory capacities and inter-
ference sensibility were estimated by the Color-Word Interference Stroop Test
(Stroop, 1935). Finally, EBP performed a recognition test of emotional facial
expressions (Ekman and Friesen, 1976) in order to be assured that they have no
major deficits in emotional facial recognition. Patients’ scores were then compared
to the norms established for each scale in healthy population. Neuropsychological
scores obtained before (t1) and after (t2) the psychoeducation are summarized in
Supplementary Table 1.
2.3. Psychoeducation program
The psychoeducation program aims at (i) helping patients to better understand
the disease; (ii) teaching patients to early recognize and interpret their symptoms
in order to prevent relapse of pathological mood; iii) providing information about
the role of pharmacological treatment to improve compliance; (iv) providing
techniques for stress and symptoms management in the everyday life. In the
current experiment, EBP were included into a 3-month psychoeducational program
with a weekly session. The psychoeducation program included 12 sessions
(program “FondaMental Campus” provided by FondaMental foundation within
the network of FACE-BD) (Supplementary Table 2). Sessions were conducted by a
couple of trained psychiatrist and psychologist.
2.4. Stimuli and task
In this fMRI study, we used a modified version of the word-face emotional
Stroop task developed by Etkin et al. (2006). In the original version, Etkin et al.
(2006) used emotional facial stimuli from “pictures of facial affect” database
(Ekman and Friesen, 1976). As these stimuli were already used in our study during
Table 1
Clinical scores before (t1) and after (t2) psychoeducation in 13 euthymic bipolar patients. P and F values show the significance of the statistical comparison contributing to
the overall effect of the multivariate analyses of variance. Note: Data are reported as mean (SD).
Scale t1 t2
M (SD) M (SD) F(1,12) P
Affective state assessment
Altman Self-Rating Mania Scale (Altman) 1.38 (2.33) 1.38 (1.61) 0.00 1.00
Young Mania Rating Scale (YMRS) 2.23 (2.24) 1.61 (1.76) 1.20 0.29
Quick Inventory of Depressive Symptomatology Self-Report (QIDS-SR) 8.23 (7.38) 4.62 (4.09) 2.97 0.11
Montgomery and Asberg Depression Rating Scale (MADRS) 10.31 (9.05) 4.00 (5.42) 8.68 0.01
State Trait Anxiety Inventory (state—STAI-A) 38.54 (16.84) 31.92 (11.03) 1.64 0.22
State Trait Anxiety Inventory (trait—STAI-B) 49.08 (18.26) 37.15 (9.91) 9.22 0.01
Affective Lability Scale (ALS) 1.08 (0.56) 0.98 (0.50) 0.77 0.40
Affect Intensity Measure (AIM) 3.87 (0.54) 3.61 (0.48) 4.43 0.06
Multidimensional Assessment of Thymic State (MAThyS) 94.15 (25.58) 105.85 (19.01) 1.27 0.28
Specific characteristics of BD
Medication Adherence Rating Scale (MARS) 8.00 (1.35) 8.67 (1.23) 3.52 0.09
Composite Scale of Morningness (CSM) 36.23 (6.56) 39.92 (6.12) 5.36 0.04
Global Assessment of Functioning Scale—French version (EFG) 76.62 (9.25) 77.46 (10.01) 0.14 0.71
Social Functioning Quotient (QFS) 59.38 (12.92) 64.08 (6.97) 0.99 0.34
Knowledge of bipolar disorders (Quiz BP) 14.54 (3.07) 18.92 (0.76) 22.99 o0.001
Representation of bipolar disorders 44.46 (12.67) 38.00 (10.12) 4.25 0.06
Way of Coping Checklist (WCC): Problem 25.31 (7.74) 30.00 (4.53) 5.42 0.04
Way of Coping Checklist (WCC): Emotion 23.38 (4.94) 20.62 (3.31) 2.41 0.15
Way of Coping Checklist (WCC): Social support 22.92 (1.93) 24.85 (2.03) 6.19 0.03
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the neuropsychological examination of the participants, we chose new stimuli for
the fMRI experiment, extracted from “Montreal set of facial display of emotion”
(MSFDE) database (Beaupré and Hess, 2005). To form the set of stimuli, twenty-four
grayscale faces with different identities, each expressing happy, fear and neutral
emotions were selected. It comprised three males and three females among the
four origins available (i.e., African, Asian, Caucasian and Hispanic). Experimental
stimuli were composed by happy and fearful faces on which French words “joie”
(happy) and “peur” (fear) in capital letters and red color were positioned on the
middle level of each face. Thus, emotionally congruent (e.g., the word happy
superimposed on a happy face) and incongruent (e.g., the word happy super-
imposed on a fearful face) stimuli were obtain (Fig. 1A). According to congruency
(congruent, incongruent) and emotional valence (positive, negative), we obtained
four types of experimental conditions: congruent with positive valence (CP);
congruent with negative valence (CN); incongruent with positive valence (IP);
incongruent with negative valence (IN). Control stimuli were composed by neutral
faces associated with French word “rien” (nothing) (Fig. 1B). Rien was preferred
because of its neutral emotional valence and its similar four-letters length as joie
and peur in experimental items. Overall, the experiment was composed by four
experimental conditions and a control condition. Twenty-four different stimuli per
condition were presented (i.e., 120 stimuli in the total of the experiment). The
identity, gender and origin of presented faces were randomized within each
experimental and control conditions.
To perform the task, participants were asked to identify as accurately and
quickly as possible the emotional expression of the presented faces by ignoring the
associated word. They gave their responses by pressing a response key with three
buttons with their dominant hand, corresponding to the three possibilities (happy,
fear, neutral). For each stimuli and each participant, accuracy (% correct responses)
and response time (ms) were recorded throughout the duration of stimulus
presentation and inter-stimulus interval (for 3500 ms duration). Before the fMRI
acquisition, participants were trained on different stimuli from those used during
the experiment.
A pseudo-randomized event-related fMRI paradigm has been optimized
(Friston et al., 1999) for 120 events (24 for each condition) and 27 additional
null-events. The null-events were added in order to provide appropriate baseline
measure (Friston et al., 1999) and were represented by a black fixation cross
displayed in the center of the grey screen. All conditions were evaluated during one
functional run and one fMRI session. The duration of each trial was 4000 ms,
1500 ms stimulus presentation and 2500 ms additional fixation cross. Stimuli order
has been counterbalanced across participants according to the three optimized
possibilities. The total duration of the run was 9 min 48 s. An example of two
successive trials is illustrated in Supplementary Fig. 1.
2.5. Image acquisition
MR images were acquired on a whole-body 3 T MR scanner (Bruker MedSpec
S300) with 40 mT/m gradient strength. For functional scans, the manufacturer-
provided gradient-echo/T2nweighted EPI sequence was used. Forty-seven adjacent
axial slices parallel to the bi-commissural plane were acquired in interleaved mode.
Slice thickness was 3 mm. During the functional run, the cerebral volume was
measured 196 times. It started with four initial dummy scans, in order to stabilize
the magnetic field. The corresponding images were subsequently discarded and not
used for data processing. The in-plane voxel size was 33 mm (216216 mm field
of view acquired with 7272 pixels data matrix; reconstructed with to zero filing
to 128128 pixels). The main sequence parameters were TR¼3 s, TE¼30 ms and
flip angle¼771. Finally, a T1-weighted high-resolution three-dimensional anato-
mical volume was acquired by using a 3D Modified Driven Equilibrium Fourier
Transform (MDEFT) sequence (field of view¼224256220 mm; resolution:
0.80.81 mm; acquisition matrix: 280320220 pixels; reconstruction matrix:
280512220 pixels).
2.6. Data analyses
2.6.1. Behavioral data processing
Behavioral data were recorded during the word-face emotional Stroop task in
fMRI. Accuracy (%CR) and response time (RT) were collected from 14 EBP and 14 HS
who completed the entire experiment (i.e., who were scanned at t1 and t2).
Two separate analyses of variance (ANOVA) were performed on %CR and
mean correct RT. Each analysis of variance comprised the following factors:
Time (t1, t2), Stroop (C, I) and Valence (P, N) as within-subject factors, and Group
(patients, HS) as between-subject factor. All behavioral results are reported
at Po0.05 threshold.
2.6.2. fMRI data processing
Data were analyzed by using SPM8 software package (Welcome Department of
Imaging Neuroscience, Institute of Neurology, London, UK) running on Matlab 7.9
(R2009b) (Mathworks, Natick, MA, USA). Brain regions involved in different
contrasts were labeled by means of macroscopic parcellation of the MNI single
subject reference brain (Tzourio-Mazoyer et al., 2002).
The functional images were first time-corrected (slice timing), and realigned
using rigid body transformations. The T1-weighted anatomical volume was
coregistered to mean image created by the realignment procedure and was
normalized to the MNI space using a tri-linear interpolation. The anatomical
normalization parameters were then used for the normalization of functional
volumes. Finally, all functional images were smoothed using 8-mm full-Width at
half maximum Gaussian.
For each participant, experimental and control conditions (CP, CN, IP, IN,
neutral) were modeled using the General Linear Model (Friston et al., 1995). The
six realignment parameters were also included as covariate of no interest. The
blood-oxygen-level dependence response for each event was modeled using a
canonical form of the hemodynamic response function (HRF). Before estimation, a
high-pass filtering with a cutoff period of 128 s was applied. Beta weights
associated with the modeled HRF responses were then computed to fit the
observed blood-oxygen-level dependence signal time course in each voxel for each
condition (CP, CN, IP, IN, neutral). Next, the statistical analyses were performed in
two stages:
In the first stage, we performed region of interest (ROI) analyses based on a
priori hypotheses, with the bilateral inferior frontal gyrus (IFG), hippocampus (HIP)
and amygdala (AMY). These ROI provided by the Automated Anatomical Labeling
(AAL) atlas (Tzourio-Mazoyer et al., 2002) were defined through WFU pickatlas
toolbox (Maldjian et al., 2003). For each ROI and each participant, the percent of MR
signal change was extracted and the values were included into an analysis of
variance (ANOVA) with Stroop (C, I) and Valence (P, N) as within-subject factor and
Group (HS, EBP) as between-subject factor. This analysis allowed to identify specific
effects of Group and its interaction with experimental conditions (Group-by-Stroop
and the Group-by-Valence interactions) within each ROI. Subsequently, we used
the same methodology to assess the effect of the psychoeducation on EBP cerebral
activity in these ROI. An ANOVA analysis was conducted on EBP percent of MR
signal change before (t1) and after the psychoeducation (t2) with Time (t1, t2),
Stroop (C, I) and Valence (P, N) as within-subject factors. Each difference was
considered significant at the threshold of Po0.05. Moreover, we chose not to
report the main Stroop and Valence effect, as it was not the main purpose of the
current study.
In the second stage, exploratory whole-brain analyses were performed to
identify other regions besides the defined ROIs that could exhibit significant
differences between EBP and HS and could be modulated by psychoeducation. At
the first level analysis (individual level) the following contrasts effects were
evaluated separately for both fMRI sessions: (i) Stroop contrast [Incongruent (I)
vs. Congruent (C)] or [IP+IN vs. CP+CN)], to identify cerebral regions involved in
emotional interference. (ii) Valence contrast [Negative (N) vs. Positive (P)] or [CN+IN
vs. CP+IP], to identify cerebral regions involved in emotional differentiation. (iii)
Emotional arousal effect [all experimental vs. control conditions], [CP+CN+IP+IN vs.
neutral], to identify cerebral regions involved specifically in the global emotional
processing.
Subsequently, several random-effect group analyses were conducted: (i)
Random-effect between-group analyses by using a two-sample t-test (Friston
et al., 1998) were done to compare EBP and HS cerebral activity at t1 according
to the three main contrasts defined at an individual level (i.e., Stroop, Valence and
Arousal). (ii) Random-effect within group analyses by using paired-sample t-test
(Friston et al., 1998) were done to compare EBP cerebral activity before and after
psychoeducation according to three main contrasts. (iii) Random-effect within
group analyses by using paired-sample t-test (Friston et al., 1998) were also done to
Fig. 1. Panel A shows an example of each experimental condition. The word-face emotional Stroop task is composed of happy or fearful faces that had either the words joie
(happy) or peur (fear) written on the image. According to congruency between the face and the word, and according to emotional valence, four experimental conditions have
been built: congruent with positive valence (CP); congruent with negative valence (CN); incongruent with positive valence (IP); incongruent with negative valence (IN).
Panel B shows an example of the control condition composed of neutral faces with the word rien (nothing) superimposed on the image.
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compare HS cerebral activity between t1 and t2, in order to control the test-retest
and the time course effects in EBP.
3. Results
3.1. Results EBP vs. HS at t1
3.1.1. Task performance
ANOVAs revealed significant effect of Stroop condition on both
RT and %CR [F(1,26)¼11.91, Po0.001; F(1,26)¼29.61, Po0.001,
respectively] indicating robust behavioral interference associated
with emotional conflict in both groups. The valence main effect
was also significant on both RT and %CR [F(1,26)¼44.83, Po0.001;
F(1,26)¼4.62, P¼0.04, respectively]. Negative stimuli were pro-
cessed slower and less correctly than positive ones in both groups.
In addition, significant Stroop by Valence interaction was observed
on RT [F(1,26)¼4.54, P¼0.04] and on %CR [F(1,26)¼8.17,
P¼0.008]. Planned comparisons revealed that incongruent nega-
tive (IN) stimuli generated slower RT [F(1,26)¼27.67, Po0.001]
and more errors [F(1,26)¼6.20, P¼0.02] than incongruent positive
(IP) stimuli. Furthermore, compared to HS, EBP were slower
irrespective of Stroop and Valence conditions [F(1,26)¼11.91,
P¼0.002], but they showed similar %CR. This result indicates that
in EBP, correct response accuracy, similar to HS, was obtained with
higher time cost (response slowing). We did not observe any
significant Group Stroop and Group Valence interactions
neither on RT [F(1,26)¼0.02, P¼0.89; F(1,26)¼0.16, P¼0.69,
respectively] nor on % CR [F(1,26)¼0.11, P¼0.75; F(1,26)¼1.35,
P¼0.26] (see Table 2 for descriptive data).
3.1.2. fMRI data: ROI analyses
Region of interest (ROI) analyses revealed significant Group
(EBP, HS) by Stroop (congruent, incongruent) interaction within
the right and left inferior frontal gyrus (IFG) [F(1,28)¼9.08,
P¼0.005; F(1,28)¼5.74, P¼0.02, respectively] and within the left
hippocampus but at a lenient threshold for this latter result [F
(1,28)¼3.77, P¼0.06]. Specifically, HS exhibited greater activation
of right and left IFG for incongruent (I) compared to congruent (C)
condition [F(1,28)¼8.13, P¼0.008; F(1,28)¼6.49, P¼0.02, respec-
tively], whereas IFG activation was not modulated by the Stroop
condition in EBP [F(1,28)¼1.98, P¼0.16; F(1,28)¼0.71, P¼0.41.,
respectively]. Moreover, trend interaction between Group (EBP,
HS) and Valence (positive, negative) conditions within right and
left hippocampus (HIP) [F(1,28)¼3.23, P¼0.08; F(1,28)¼3.99,
P¼0.05, respectively] was observed. In these regions, greater
activation for negative (N) compared to positive (P) condition
was observed in EBP [F(1,28)¼6.50, P¼0.02; F(1,28)¼6.56,
P¼0.02, for right and left hippocampus, respectively], whereas
no significant difference was observed in HS [F(1,28)¼0.01,
P¼0.94; F(1,28)¼0.12, P¼0.73., respectively] (Fig. 2). No main
Group effect was observed in each ROI. Moreover, no significant
difference between EBP and HS was obtained for the right and left
amygdala.
3.1.3. fMRI data: whole brain analyses
Differences between HS and EBP (Group contrast) at t1 were
evaluated according to the three main contrast effects: Stroop
[Incongruent (I)4Congruent (C)], Valence [Negative (N)4Positive
(P)] and Arousal [CP+CN+IP+IN (All)4Neutral].
According to ROI analysis, the interaction Group-by-Stroop
(HS4EBP n I4C) revealed significant differences between EBP
and HS within triangular part of the right inferior frontal gyrus
(IFG, F3T). Additional regions were identified within the left orbital
part of the superior frontal gyrus (SFG, F1O), right insula (IN), right
parahippocampal gyrus (PHIP), left fusiform gyrus (FUSI), left
middle occipital gyrus (O2), left lingual gyrus (LING) and right
cerebellum (Po0.001 uncorrected, k410) (Table 3, Fig. 3A). The
reverse interaction (EBP4HS n I4C) did not reveal supra-
threshold voxel activation. The interaction Group-by-Valence
(EBP4HS n N4P) revealed differences between EBP in HS in
the bilateral hippocampus (HIP) and the parahippocampal gyrus
(PHIP) as well as in left middle temporal gyrus (MTG, T2)
(Po0.005 uncorrected, k420 voxels) (Table 3, Fig. 3B). The
reverse interaction (HS4EBP n N4P) did not reveal supra-
threshold voxel activation. Finally, the interaction Group-by-Emo-
tional Arousal [EBP4HS n All4Neutral] and its reverse [HS4EBP
n All4Neutral] did not reveal supra-threshold activated voxels
(see Supplementary Figs. 2 and 3 for an illustration of the HRF of
the main results).
3.2. Results HS at t2 vs. HS at t1
The comparison of cerebral activity in HS between t1 and t2 on
the three contrasts (i.e., Stroop, Valence and Emotional Arousal)
did not reveal significant suprathreshold activation, indicating no
effect of repeated testing.
3.3. Results on psychoeducation: EBP at t2 vs. EBP at t1
3.3.1. Clinical and neuropsychological comparisons
First, on a clinical level and after the psychoeducation (t1 vs.
t2), the MANOVAs revealed significant clinical improvement in
EBP on specific characteristics of BD [Wilk′s lambda¼0.02; F
(4,9)¼12.51; P¼0.03] as well as on patients’ affective state at a
lenient threshold [Wilk′s lambda¼0.09; F(4,9)¼4.70; P¼0.07].
Specifically, the level of depression (MADRS), trait-anxiety (STAI-
B) and affect intensity (AIM) has significantly decreased after
psychoeducation. Moreover, at t2, EBP showed better knowledge
and representation of their disease (scales developed by FACE-BD)
and the circadian rhythm was more stable (CSM). They also use
more appropriate coping strategies, i.e., less focused on the
problem and they looked for more social supports (WCC problem
and social support) (Table 1). Second, on a neuropsychological
level, EBP performances were within the norms defined for each
test, both at t1 and t2. This suggests that the neuropsychological
scales used did not reveal major cognitive impairment in EBP at
two experimental time-conditions (Supplementary Table 1).
3.3.2. Task performance
We did not observe significant effect of the time (t2 vs. t1, scan
repetition) neither on RT [F(1,26)¼1.34, P¼0.26] nor on % CR
[F(1,26)¼3.47, P¼0.07] indicating no repeated testing effect.
Additionally, we did not observe an interaction between group
Table 2
Behavioral performances for word-face emotional Stroop measured during fMRI at
t1 and during fMRI at t2 in all participants. Note: Data are reported as mean (SD).
HS¼Healthy Subjects; EBP¼Euthymic Bipolar Patients.
Congruent positive Congruent
negative
Incongruent
positive
Incongruent
negative
Response time (ms)
HS (t1) 770.8 (87.5) 891.0 (118.0) 871.0 (129.2) 983.3 (165.7)
HS (t2) 737.1 (74.5) 852.6 (104.3) 820.6 (89.8) 934.9 (152.9)
EBP (t1) 945.3 (228.9) 1060.2 (363.7) 1073.1 (295.9) 1129.4 (260.4)
EBP (t2) 887.1 (87.5) 1038.2 (159.1) 1006.2 (123.6) 1093.6 (143.5)
% Correct responses
HS (t1) 98.2 (3.1) 93.4 (12.0) 94.6 (5.3) 88.1 (14.6)
HS (t2) 97.6 (2.7) 94.3 (9.5) 97.6 (3.5) 89.3 (17.0)
EBP (t1) 96.4 (6.1) 95.8 (3.6) 94.3 (7.6) 89.0 (8.6)
EBP (t2) 97.6 (3.5) 97.6 (3.1) 94.6 (6.8) 93.7 (4.5)
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and time neither on RT [F(1,26)¼0.00, P¼0.97] nor on % CR
[F(1,26)¼0.28, P¼0.60], signifying that EBP had not improved
their behavioral performance after psychoeducation.
3.3.3. fMRI data: ROI analyses
Region of interest (ROI) analyses revealed significant Time
(t1, t2) by Stroop (congruent, incongruent) interaction within right
Fig. 2. Results of the ROIs analyses. Panel A shows % MR signal intensity variation in the left and right inferior frontal gyrus respectively for the Group-by-Stroop (EBP vs.
HS * I vs. C) and Time-by-Stroop (t1 vs. t2 * I vs. C) interactions. Panel B shows % MR signal intensity variation in the left and right hippocampus respectively for the Group-by-
Valence (EBP vs. HS * N vs. P) and Time-by-Valence (t1 vs. t2 * N vs. P) interactions. Error bars represent standard error. IFG¼ Inferior Frontal Gyrus; HIP¼Hippocampus;
EBP¼Euthymic Bipolar Patients; HS¼Healthy Subjects; t1¼before psychoeducation; t2¼after psychoeducation; C¼Congruent, I¼ Incongruent; P¼Positive; N¼Negative;
nPo0.05.
Table 3
Shows activation peaks provided by the random-effect between-group (EBP vs. HS before psychoeducation) and by the random-effect within-group (EBP at t1 vs. EBP at t2)
analyses for both the Stroop contrast (I vs. C) and the Valence contrast (N vs. P), labelled according to Tzourio-Mazoyer et al., 2002. HS¼Healthy Subjects, EBP¼Euthymic
Bipolar Patients, t1¼before psychoeducation, t2¼after psychoeducation, C¼Congruent, I¼ Incongruent, P¼Positive, N¼Negative, Hem¼Hemisphere, R¼Right, L¼Left,
k¼number of voxels/cluster.
Lobe Region aal-label H x y z t k
Interaction Group-by-Stroop (HS4EBP n I4C)
Frontal Inferior frontal gyrus, triangular part F3T R 48 35 13 4.65 23
Superior frontal gyrus, orbital part F1O L 18 65 1 4.53 12
Insular Insula IN R 30 23 14 3.90 16
Limbic Parahippocampal gyrus PHIP R 21 40 8 5.06 25
Occipital Fusiform gyrus/Cerebellum FUSI R 42 70 23 4.92 48
Fusiform gyrus FUSI L 27 46 20 4.29 17
Lingual gyrus LING L 12 91 14 4.03 18
Lingual gyrus LING L 21 55 14 3.98 13
Middle occipital gyrus O2 L 33 91 1 4.40 31
Interaction group-by-valence (EBP4HS n N4P)
Limbic Hippocampus/parahippocampal gyrus HIP/PHIP R 24 34 11 3.92 58
Hippocampus HIP L 24 28 11 3.81 32
Temporal Middle temporal gyrus T2 L 63 46 8 4.09 23
Interaction time-by-Stroop (t24 t1 n I4C)
Frontal Inferior frontal gyrus, triangular part F3T R 51 35 19 7.72 31
Temporal Middle temporal gyrus T2 L 48 46 7 7.00 67
Parietal Precuneus PQ R 12 70 40 6.18 22
Occipital Cuneus/fusiform gyrus Q R 9 88 7 11.16 180
Fusiform gyrus FUSI L 33 46 23 5.20 10
Middle occipital gyrus O2 L 27 79 10 6.64 65
Interaction Time-by-Valence (t24t1 * N4P)
Limbic Hippocampus/parahippocampal gyrus HIP/PHIP R 21 31 11 5.02 22
Temporal Middle temporal gyrus T2 L 66 46 8 4.12 15
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and left inferior frontal gyrus (IFG) [F(1,12)¼15.47, P¼0.002; F
(1,12)¼9.41, P¼0.01, respectively]. In both left and right IFG, the
activity was not modulated by the Stroop condition before the
psychoeducation but was greater for incongruent compared to
congruent condition at t2 [F(1,12)¼12.08, P¼0.004; F(1,28)¼
24.51, Po0.001., respectively] (Fig. 2). Moreover, a main Time
effect was observed in the right hippocampus (HIP) [F(1,12)¼5.85,
P¼0.03]. The activity of the right HIP was significantly lower after
the psychoeducation. No main effect of the Time was observed in
other ROI. No significant difference between t1 and t2 was
observed either in the left HIP or in right and left amygdala.
3.3.4. fMRI data: Whole brain analyses
The same contrasts (Stroop, Valence and Arousal) were used to
assess differences in brain activity between t1 and t2 in EBP.
First, the interaction Time-by-Stroop (t24t1 n I4C) in EBP
revealed significant increased activity within the triangular part of
the right IFG (F3T), the left middle temporal gyrus (T2), the right
precuneus (PQ), the right cuneus (Q), the left fusiform gyrus (FUSI)
and the left middle occipital gyrus (O2) after psychoeducation
(Po0.001 uncorrected, k410) (Table 3, Fig. 3C). The reverse
interaction (t14t2 n I4C) did not reveal supra-threshold acti-
vated voxels. Second, the interaction Time-by-Valence (t24t1 n
N4P) in EBP revealed significantly decreased activity after psy-
choeducation within the right parahippocampal gyrus (PHIP) and
the left middle temporal gyrus (T2) after the psychoeducation
(Po0.005 uncorrected, k420) (Table 3, Fig. 3D). The reverse
interaction (t24t1 n N4P) did not reveal supra-threshold acti-
vated voxels. Finally, the interaction Time-by-Emotional Arousal
(t14t2 nAll4Neutral) and its reverse (t24t1 n All4Neutral) did
not reveal supra-threshold activated voxels (see Supplementary
Figs. 2 and 3 for an illustration of the HRF of the main results).
4. Discussion
The present study examined behavioral and cerebral markers of
EBP compared to HS, using an emotional Stroop task, before and
after 3-month psychoeducation program. The cerebral activity has
been examined via (a) ROI-based analyses focused on the inferior
frontal gyrus, the hippocampus and the amygdala activity and (b)
whole-brain analyses, according to three main statistical contrasts,
to assess (i) Stroop-related activity (incongruent vs. congruent);
(ii) Valence-related activity (negative vs. positive); (iii) Emotional
Arousal-related activity (emotional conditions vs. neutral). The
behavioral effect of psychoeducation has been tested by compar-
ing patients’ clinical scores before (t1) and after (t2) the psychoe-
ducation program.
Overall, our results revealed (i) neuro-functional abnormalities
in EBP compared to HS in frontal (IFG and left SFG), limbic (HIP
and PHIP) and visual occipital regions; (ii) significant clinical
improvement in EBP after psychoeducation and modulation of
neuro-functional abnormalities observed before psychoeducation
particularly in right IFG and right HIP/PHIP.
4.1. Euthymic bipolar patients vs. healthy subjects
4.1.1. Task performance
According to emotional word-face Stroop, all participants
showed slower RT and lower performances (%CR) for processing
incongruent than congruent stimuli, as previously shown in HS
(Etkin et al., 2006; Egner et al., 2008). It suggests that the response
conflict arising from incongruent stimuli leads to robust beha-
vioral interference during this task. We have also shown that
performances were lower for negative compared to positive
material. This result is not in agreement with those reported by
Etkin et al. (2006) as they did not show valence effect on this task.
One explanation may be the use of different emotional faces
databases. However, our result is consistent with other studies in
HS and suggests different mechanisms for processing negative
and positive face stimuli with higher impact of negative than
positive emotions (LeDoux, 2000; Phan et al., 2002; Lindquist
et al., 2011). Moreover the interaction between congruency and
valence revealed lower performances for incongruent negative
stimuli than for positive ones. Furthermore, EBP were slower
than HS but they showed similar response accuracy suggesting
that patients performed the task correctly but they needed addi-
tional cognitive effort to respond. We cannot exclude the role
of psychotropic medication in slowing RT in EBP vs. HS (while
accuracy was similar).
Fig. 3. Results of the whole-brain analyses. Panels A and B show between-groups (EBP vs. HS) differences for Stroop-related (I4C n HS4EBP) (Po0.001 uncorrected,
k410) and Valence-related activity (N4P n EBP4HS) (Po0.005 uncorrected, k420), respectively. Panels C and D show activations variations in EBP before (t1) and after
(t2) psychoeducation for Stroop-related (I4C n t24t1) (Po0.001 uncorrected, k410) and Valence-related (N4P n t14t2) (Po0.005 uncorrected, k420) activity,
respectively. Activated regions were projected onto lateral (left, right) and axial (bottom) views of a 3D anatomical template and labelled according to Tzourio-Mazoyer et al.
(2002). EBP¼Euthymic Bipolar Patients; HS¼Healthy Subjects; t1¼before psychoeducation; t2¼after psychoeducation; C¼Congruent, I¼ Incongruent; P¼Positive;
N¼Negative; LH¼ left hemisphere, RH¼right hemisphere.
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4.1.2. fMRI: Stroop effect
In EBP compared to HS, the Stroop contrast revealed decreased
activity within the inferior frontal gyrus (IFG) in both ROI-analysis
and whole brain analysis, as well as within the orbital part of the
left superior frontal gyrus, SFG (F1O) in the whole brain analysis.
This result is in agreement with several previous studies. Espe-
cially, decreased activity of the inferior frontal regions during
euthymic intervals has been previously found in the right
(Strakowski et al., 2005a) and left hemisphere (Blumberg et al.,
2003; Kronhaus et al., 2006; Lagopoulos and Malhi, 2007) by using
interference tasks such as emotional, counting or color-word
Stroop task. The role of IFG in the inhibitory control have been
underlined by previous studies in HS (Ridderinkhof et al., 2004;
Robbins, 2007). Moreover, in a study using go/nogo paradigm
which specifically assessed response inhibition, decreased activa-
tion of the orbital part of the left SFG have also been found in EBP
compared to HS (Kaladjian et al., 2009b). Consequently, our result
that reflected decreased activation of the bilateral IFG and orbital
part of the left SFG during a word-face emotional Stroop task in
EBP is in agreement with previous findings. Dysfunctional activity
of IFG and SFG in EBP, may reflect persistent deficits in executive
control and specifically those of response inhibition and selective
attention processing, as previously highlighted by neuropsycholo-
gical studies (Martínez-Arán et al., 2004; Clark et al., 2005;
Thompson et al., 2005). Moreover, some studies employing emo-
tional paradigms have also shown in BD patients decreased
activity in IFG during manic (Altshuler et al., 2005; Foland-Ross
et al., 2008; Strakowski et al., 2011) and euthymic (Foland-Ross
et al., 2012) phases of the illness. The deficit of IFG activity in BD
patients may reflect specific characteristics such as impulsivity,
distractibility and emotional reactivity that may persist during
euthymic periods (Swann et al., 2001; Henry et al., 2008). Indeed,
the role of ventro-lateral and orbital prefrontal regions in emo-
tional regulation have previously been highlighted (Kalisch, 2009)
and may underlie the pathophysiology of the BD (Phillips et al.,
2008a). Persistent abnormal activation of the IFG beyond the acute
phases of BD suggests that it may represent potential trait marker
of BD. Nevertheless, some studies have observed increased IFG
activation in EBP in comparison to HS while viewing emotional
faces (Robinson et al., 2008; Chen et al., 2010). These opposite
results could be due to the paradigm employed (more emotional
than cognitive in the latter studies), the method used for fMRI data
analysis (ROI versus whole-brain data analyses) or because of the
too small sample size of one of these studies (Chen et al., 2010).
4.1.3. fMRI: Valence effect
Compared to HS, EBP exhibited greater activation in bilateral
hippocampus (HIP) and parahippocampal gyrus (PHIP) and left
middle temporal gyrus in the whole-brain analysis when proces-
sing negative than positive facial affect. This finding is in line with
several meta-analyses of emotional processing in BD which con-
sistently reported abnormal recruitment of hippocampal and
parahippocampal regions in BD patients as compared to HS
(Houenou et al., 2011; Delvecchio et al., 2012), even during
euthymic periods (Chen et al., 2011; Houenou et al., 2011). A study
using a facial emotional task found that the negative valence
(fearful faces) elicited higher right PHIP and left MTG activation in
both depressed and manic bipolar patients compared to HS (Chen
et al., 2006). Moreover, studies that exclusively recruited EBP,
reported increased activation of left hippocampus (Lagopoulos and
Malhi, 2007; Malhi et al., 2007b) and bilateral PHIP in response to
fearful faces (Malhi et al., 2007b). Taken together, all these results,
including ours, suggest abnormal recruitment of hippocampal and
parahippocampal regions in EBP during negative emotion proces-
sing. However, it is still difficult to explain how these neuro-
functional abnormalities are linked to clinical symptomatology in
BD. One study evaluating a mixed sample of euthymic and
depressed BD patients has shown that the magnitude of left
hippocampal activation was positively correlated with the severity
of depressive symptoms (Lawrence et al., 2004). As the hippo-
campus is involved in memory retrieval, this result supports the
hypothesis that negative emotion processing in BD patients might
evoke/ trigger negative memories and associated contexts, even in
euthymic period and not only in depressed patients (Lawrence
et al., 2004). Furthermore, we have shown enhanced activity of
MTG in EBP compared to HS when processing negative stimuli.
This region is supposed to be involved in selective attention for
facial processing (Haxby et al., 2000). Thus, abnormal activity of
MTG together with over-activation of PHIP in EBP, may be
associated with enhanced attentional focus on negative rather
than on positive stimuli and an attribution of a greater emotional
salience to them (Wessa et al., 2007). However, another study
found decreased activity of right PHIP in EBP relatively to HS in
response to both positive and negative stimuli in an implicit affect
induction task (Malhi et al., 2007a). Another one did not show
significant differences in PHIP activity between EBP and HS during
happy emotion labeling (Almeida et al., 2009). These results
suggest specific increased hippocampal activity in EBP in response
to negative emotional stimuli but not to positive ones.
4.2. Effects of the psychoeducation: EBP at t2 vs. EBP at t1
4.2.1. Clinical outcome
Previous studies emphasized the interest of psychoeducation to
prevent thymic relapses, in reducing the length and the severity of
the relapses, and also to improve treatment compliance (Rouget
and Aubry, 2007; Colom et al., 2009). However, the majority of
studies were focused on the efficiency of psychoeducation to
prevent thymic relapses, but the effect of the psychoeducation
on clinical symptoms has been poorly evaluated with standardized
scales. Our results showed significant clinical improvement in EBP
after a 3-month psychoeducation program. First, the knowledge
and representation of their disorder have changed towards a
better insight of the disease. Second, patients seemed to be able
to better manage their circadian rhythms at the end of this
program. The psychoeducation could have helped them to restruc-
ture their mood (Totterdell and Kellett, 2008) and could, at least
partially, explain the decrease in the depression score. Third, EBP
used more adapted and appropriate coping strategies (i.e., more
centered on the resolution of the problem and seeking social
support). The use of these styles of coping strategies could result in
a switch to a more external rather than internal locus of control
after the psychoeducation, as it was previously shown in the study
of Even et al. (2010). Furthermore, our results suggest that patients
better managed their emotional experience and it could explain
decreased scores in emotional intensity (i.e., AIM scale score) and
trait anxiety level (i.e., STAI-B scale score). However, the scores of
medication adherence, quality of life, social functioning, state
anxiety, emotional lability and reactivity did not significantly
improve after psychoeducation. One explanation may be because
the small sample size or because these parameters may require
more than three months to notice a significant difference. Never-
theless, we provide here evidence of the efficiency of psychoedu-
cation in improving emotional reactivity (affective intensity),
depressive residual symptoms (MADRS score improvement),
trait-anxiety, chronobiological rhythms (morningness score), cop-
ing strategies, in line with the main prophylactic objectives of
psychoeducation (Stafford and Colom, 2013). This improvement
may be due to better emotional regulation and supported by the
highlighted neuro-functional changes.
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4.2.2. fMRI: Stroop effect
After psychoeducation, EBP patients showed significant
increased activation of the IFG, particularly in the right side as
revealed by the whole brain analysis. This region was under-
activated before psychoeducation. The increased activity of the IFG
for incongruent compared to congruent condition could reflect
improvement of inhibitory processes, leading to increased ability
for effective selection of relevant information, after psychoeduca-
tion. However, no behavioral effect has been shown, probably
because of the limited number of subjects and insufficient statis-
tical power. Alternatively, increased IFG activity may better under-
lie the affective regulation in EBP after psychoeducation. As
discussed previously, this region is particularly involved in emo-
tional regulation (Phillips et al., 2008a; Wager et al., 2008). Indeed,
some sessions in the psychoeducation program, focused on teach-
ing coping strategies and management of the disease, could have
trained patients to improve their cognitive control and emotional
regulation mechanisms. Moreover, EBP showed additional recruit-
ment of the right precuneus that might reflect, together with
increased IFG activity, an enhancement of attentional processes
after psychoeducation (Cavanna and Trimble, 2006).
4.2.3. fMRI: Valence effect
Comparing Valence-related activity between t1 and t2 in EBP,
only the whole-brain analysis revealed decreased activity of the
right HIP/PHIP and left MTG activity, which were abnormally
overactive at t1. Before psychoeducation, these regions were
particularly recruited for negative rather than for positive stimuli,
suggesting enhancement of the emotional salience in EBP com-
pared to HS. After psychoeducation, the decreased activity in these
regions seems to reflect functional regulation and suggests that
EBP manage better negative emotional salience. This result could
be explained by the modulation of the interaction between frontal
and limbic brain networks. Increased IFG activity together with a
decrease in PHIP activity may suggest a reinforcement of the
frontal control on the limbic system after psychoeducation
(Ochsner and Gross, 2007; Phillips et al., 2008a). Using an effective
connectivity approach (Dynamic Causal Modeling), Almeida et al.
(2009) showed increased effective connectivity between right
PHIP and right ventro-medial prefrontal regions in remitted BD
patients compared to HS. The authors attributed their findings to a
dysfunctional ventro-medial system for early appraisal, encoding
and emotion regulation in bipolar patients. Therefore, such
approaches should be used in order to assess the modulation of
the connectivity between IFG and PHIP in EBP after psychoeducation.
As no modulation of cerebral activity has been observed in HS
between t1 and t2, we can suppose that neurofunctional modula-
tion observed in EBP, was not due to task repetition or time, but to
psychoeducational program per se. However, in order to assess the
specificity of this therapeutic program, future studies will compare
EBP undergoing a 3-month psychoeducational program to EBP
patients undergoing a 3-month non-structured support intervention.
4.3. Limitations
Several limitations of this study should be mentioned. First,
statistical thresholds used for performing the whole-brain ana-
lyzes was not corrected for multiple comparisons. The lack of
power to detect significant corrected results may be attributed to
the small sample size and/or to the loss of power in fMRI when the
interactions were tested. Consequently, the results provided by
whole-brain analyzes should only be considered as exploratory.
Second, patients included in this study were medicated. The
medication was diverse and the number of patients was too
limited to group them accordingly to a specific type of drug.
Although the medication might play a specific role at the neural
level activity, its effect has not been clearly demonstrated (Phillips
et al., 2008b). Thirdly, behavioral and neurofunctional improve-
ments observed after psychoeducation could also be a placebo
effect as the patients consulted a therapist weekly during the 3-
month interval. Future studies need to control this potential
confounding effect.
4.4. Conclusion
The main findings of the present study revealed activation
deficit of the inferior and superior prefrontal cortices in EBP in
response to emotional conflict. The involvement of these regions
in emotion regulation, inhibition and attention processing might
underlie enduring affective impairments in EBP. Moreover, EBP
presented abnormal recruitment of bilateral hippocampal and
parahippocampal regions during negative valence processing.
Over-activation of these limbic regions might be related to persis-
tent emotional instability and reactivity in EBP. Together, these
results suggest persistent imbalance between frontal-cognitive and
limbic-emotional circuitry that might reflect dysfunctional emotion
regulation mechanisms in BD, even during euthymic periods.
Moreover, we showed for the first time to our knowledge, that
enduring functional abnormalities in EBP might be attenuated by
psychoeducation. Increased IFG activity together with decrease para-
limbic activity after psychoeducation suggest enhancement of emo-
tional regulatory processes induced by this psychosocial intervention.
Futures studies are needed to characterize the pattern of
functional connectivity between prefrontal and limbic regions in
EBP and to evaluate how the patterns of connectivity could be
modulated by psychoeducation. Additionally, it is also necessary to
assess whether the positive effects of the psychoeducation are
maintained overtime. The specificity of psychoeducation should be
evaluated by comparing it to other different therapeutic programs
and non-structured interventions.
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Table S1: Neuropsychological scores before (t1) and after (t2) psychoeducation. Note: Data are reported as mean (SD). 
Scale t1  t2  
 M (SD) M (SD) 
   
Color-word Stroop test  -1.4 (4.5) 1.6 (4.7) 
Trail Making Test – Part A (sec) 26.5 (8.3) 26.7 (8.4) 
Trail Making Test – Part B (sec) 72.8 (39.1) 59.5 (22.5) 
Verbal fluency – Phonologic  28.1 (9.9) 23.5 (7.5) 
Verbal fluency – Semantic  36.2 (10.7) 37.0 (9.7) 
Symbols sub-test (WAIS-R) 34.1 (7.5) 36.5 (7.4) 
Codes sub-test (WAIS-R) 74.1 (12.3) 77.7 (17.7) 
Processing speed (WAIS-R) 103.5 (11.9) 106.0 (13.7) 
Recognition test of emotional facial expressions:   
Happy 6.4 (0.9) 6.5 (0.7) 
Sad 4.8 (6.6) 4.8 (1.2) 
Disgust 1.6 (0.6) 6.7 (0.7) 
Fear 4.2 (2.0) 4.4 (1.6) 
Surprise 6.5 (0.7) 6.2 (0.8) 
Angry 6.1 (0.8) 5.8 (0.8) 
Neutral 6.85 (0.38) 6.4 (1.4) 
Total errors 7.5 (4.2) 8.2 (2.7) 
 
  
Table S2: Content of the psychoeducation program as recommended by the FondaMental Foundation. The program is 
composed of 12 two-hour sessions. Each session approaches a specific theme and is conducted by a trained psychiatrist 
and/or psychologist. 
Sessions Content 
1 Generalities about the bipolar disorders 
2 Manic, hypomanic and mixed states 
3 Depressions states 
4 Vulnerability to bipolar disorders 
5 Early detection of new episodes 
6 Euthymic state 
7 Comorbidities 
8 Pharmacological treatments 
9 Consequences of treatment discontinuation 
10 Psychological supports 
11 Announcement of the disorder 
12 Managing bipolar disorder in everyday life 
 
  
Supplementary Fig. S1. Example of two successive trials during the fMRI experiment illustrating a congruent stimulus 
with positive valence (CP) followed by an incongruent stimulus with negative valence (IN). A central fixation cross was 
presented during inter-stimulus interval. 
 
  
Supplementary Fig. S2. Illustration of the HRF of the right inferior frontal gyrus at [48 35 13] according to each 
experimental condition, for both groups, at t1 and t2. CP=Congruent Positive; CN=Congruent Negative; 
IP=Incongruent Positive; IN=Incongruent Negative. 
 
 
  
Supplementary Fig. S3. Illustration of the HRF of the right hippocampus/parahippocampal gyrus at [24 −35 −11] 
according to each experimental condition, for both groups, at t1 and t2. CP=Congruent Positive; CN=Congruent 
Negative; IP=Incongruent Positive; IN=Incongruent Negative. 
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Abstract 
Patients with bipolar disorder experience cognitive and emotional impairment that may persist even 
during euthymic state of the disease. These persistent symptoms in bipolar patients (BP) are 
characterized by disturbances of emotion regulation and related fronto-limbic brain circuitry. The 
present study aims to investigate the modulation of fronto-limbic activity and connectivity in BP by the 
processing of emotional conflict. Functional connectivity was determined by means of 
psychophysiological interaction approach. Fourteen euthymic BP and 13 matched healthy subjects (HS) 
underwent functional magnetic resonance imaging while performing a word-face emotional Stroop task 
designed to dissociate the monitoring and generation of emotional conflict from its resolution. 
Differential cerebral activation between HS and BP were obtained during conflict monitoring and 
conflict resolution.  Relative to HS in terms of behavioral performances, BP were slower to process 
incongruent stimuli, reflecting a larger behavioral interference during emotional Stroop. Furthermore, 
BP presented decreased activation of the right dorsolateral prefrontal cortex (DLPFC) during emotional 
conflict monitoring and a lack of bilateral deactivation of amygdala during conflict resolution, classically 
reported in healthy subjects. In terms of connectivity, patients showed abnormal positive connectivity 
between the right DLPFC and subgenual anterior cingulate cortex (sgACC), posterior cingulate cortex 
(PCC) and left superior fontal gyrus during conflict monitoring.  Overall, our results highlighted 
abnormal processing of emotional conflict, particularly of conflict generation and monitoring in 
euthymic BP. This impairment may be subtended by the decrease of DLPFC activity and the increase of 
connectivity within regions belonging to the default mode network. These results could be interpreted 
as a difficulty to switch attention between internally and externally-oriented situations, a key feature of 
the pathophysiology of this disorder. 
 
Key words: Bipolar disorder, emotional conflict, functional neuroimaging, functional connectivity, 
dorsolateral prefrontal cortex, default mode network.   
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1. Introduction 
Bipolar disorder (BD) is a severe mood disorder 
characterized by alternating manic and depressed 
periods that could be punctuated by inter-critic 
intervals without extreme mood symptoms, namely 
euthymic periods. Nevertheless, in euthymic 
periods, bipolar patients (BP) are not free residual 
mood disturbances that may precipitate or predict 
the occurrence of a new acute thymic episode (Judd 
et al., 2005; Tohen et al., 2009). Residual symptoms 
of euthymic states are especially characterized by 
enhanced emotional reactivity (Henry et al., 2008; 
M'Bailara et al., 2009) and executive functions 
deficits (Martínez-Arán et al., 2004; Manove & Levy, 
2010). Indeed, numerous neuropsychological 
studies highlighted persistent impairments in 
emotional and cognitive processes in euthymic BP 
but the cerebral correlates and mechanisms of these 
impairments are still unclear (Strakowski et al., 
2012; Phillips & Swartz, 2014). The dissociation of 
cerebral abnormalities reflecting trait 
pathophysiological mechanisms of BD vs. state 
cerebral dysfunctions related to acute mood periods 
is essential for a better understanding and 
management of this disorder.  
In the past decades, many functional magnetic 
resonance imaging (fMRI) studies have sought to 
identify brain abnormalities that may underlie the 
BD. They robustly showed impairment of frontal 
and limbic regions during both emotional and 
cognitive tasks (Chen et al., 2011; Houenou et al., 
2011; Townsend & Altshuler, 2012), suggesting 
emotional regulation and homeostasis disturbances 
(Phillips et al., 2008; Strakowski et al., 2012; Phillips 
& Swartz, 2014). According to Phillips et al. (2008)’s 
model of automatic and voluntary emotional 
regulation in BP, authors highlighted abnormalities 
within the ventral system, specifically in the left 
ventromedial prefrontal cortex (VMPFC) which may 
be responsible for automatic emotion dysregulation 
in these patients. To investigate emotional 
regulation sub-processes, different cognitive 
paradigms have been proposed. Among them, the 
emotional Stroop tasks were used to examine the 
neural systems implicated in the automatic 
attentional control of emotion. In a classical 
emotional Stroop, participants are required to 
identify the color of written words (or the number 
of stimuli in the counting Stroop), which could be 
either neutral or emotionally salient. Thus, the 
emotional Stroop assesses the ability of emotional 
information to implicitly divert the attention from 
the main task. In healthy subjects (HS), the 
emotional Stroop has been associated, inter alia, 
with activation of left rostral anterior cingulate 
cortex (ACC) (Whalen et al., 1998), while counting 
Stroop rather recruits a larger network including 
rostral ACC, dorsolateral prefrontal (DLPFC), 
dorsomedial prefrontal (DMPFC) and orbitofrontal 
(OFC) cortices (Blair et al., 2007). Compared to HS, 
euthymic BP showed decreased VMPFC activity 
during the emotional Stroop tasks (Malhi et al., 
2005; Lagopoulos & Malhi, 2007).  
A modified emotional Stroop paradigm allowing 
a direct assessment of the emotional conflict 
processing similarly to a classic Stroop task (Stroop, 
1935), was recently developed (Etkin et al., 2006). 
This task consists of identifying the emotional 
expression of fearful and joyful faces while ignoring 
the emotional word, which can be congruent or 
incongruent with the facial expression (i.e., “Happy” 
or “Fear”). In a previous study which compared 
euthymic vs. HS, by using this word-face emotional 
Stroop task, we obtained decreased activation of the 
ventrolateral prefrontal (VLPFC) during the 
emotional conflict processing (i.e., in incongruent vs. 
congruent stimuli) (P. Favre et al., 2013). Another 
recent study used this task in BP experiencing 
different mood phases (Rey et al., 2014) and 
revealed decreased lateral prefrontal activity in 
response to emotional conflict processing in 
hypomanic, depressive and euthymic phases) but 
significantly more severe during hypomania than 
during depression. Interestingly, authors showed 
that, unlike HS, in response to incongruent trials, BP 
exhibited deactivation of several areas belonging to 
the default mode network (DMN), including the 
rostral ACC in euthymia, hippocampus during 
depression and posterior cingulate cortex (PCC) 
during hypomania.   
Otherwise, by using Stroop tasks it has been 
suggested that the sequence of trials (congruent, 
incongruent) is important to consider. Indeed, in 
terms of Reaction Time, it has been shown that 
processing of incongruent trials was faster if they 
were preceded by incongruent trials but slower if 
preceding trials were congruent (Kerns et al., 2004; 
Egner & Hirsch, 2005). These findings might suggest 
that the conflict generated in response to 
incongruent trial “activates” a mechanism to 
improve the resolution of the conflict on the next 
incongruent trial (Botvinick et al., 2001). 
Consequently, incongruent stimuli could further be 
subdivided into implicitly high conflict resolution 
trials (HR), where incongruent stimuli are preceded 
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by incongruent stimuli, and implicitly low conflict 
resolution trials (LR), where incongruent stimuli are 
preceded by congruent stimuli. The distinction 
between these two types of trials allow to assess 
separately the conflict monitoring or generation, 
which may leads to increase cerebral activation for 
LR trials, and the resolution of the conflict, which 
would be reflected by increased activation for HR 
trials (Botvinick et al., 2001). In HS, Etkin et al. 
(2006) demonstrated greater involvement of the 
amygdala, the DLPFC and DMPFC during emotional 
conflict monitoring, while the conflict resolution 
was further associated with activation of the rostral 
ACC. In addition, these authors showed that 
activation of the rostral ACC was predicted by brain 
activation during monitoring and was accompanied 
by simultaneously decreased activity of the 
amygdala, suggesting that emotional conflict is 
resolved by a “top-down” control exerted by the 
rostral ACC on the amygdala. 
In the current study, we aimed at investigating 
the automatic emotion regulation processing in 
euthymic BP by using an emotional Stroop paradigm 
conceived to distinguish the monitoring from the 
resolution of emotional conflict. We assume that 
disturbances of emotion regulation processing 
reported previously in BD could result from a lack of 
“top-down” modulation of limbic areas involved in 
emotional arousal and generation by the frontal 
regions involved in the cognitive control during 
conflict monitoring and resolution. Therefore, we 
assessed regional activation and functional 
connectivity during emotional conflict processing in 
euthymic BP compared to HS. We hypothesized that 
compared to HS, euthymic BP would show (a) 
decreased activation of the lateral prefrontal cortex, 
during emotional conflict monitoring and (b) 
decreased activation of the rostral ACC and 
increased activation of the amygdala, during conflict 
resolution. Based on previous results (P. Favre et al., 
2014; Rey et al., 2014) we also (c) expect abnormal 
activity of DMN and (d) abnormal interaction 
between two cerebral networks, one related to 
emotional conflict and DMN.      
2. Methods 
2.1. Participants 
Fourteen euthymic BP (mean of age ± SD: 44.1 ± 
9.6 years, 8 females) and 13 HS matched on age and 
gender (mean of age 44.1 ± 10.8 years, 9 females) 
were included in the study. All participants were 
right-handed and had equivalent education level. 
Mood symptoms in BP were evaluated with the 
Montgomery and Asberg Depression Rating Scale 
(MADRS) (Montgomery & Asberg, 1979; Pellet et al., 
1981) and Young Mania Rating Scale (YMRS) (Young 
et al., 1978; S. Favre et al., 2003). Patients were 
included in the study if they reported having been 
euthymic for at least one month prior to scanning 
and if they had an MADRS’s score < 15 and an 
YMRS’s score < 7 (Table 1). All patients were 
diagnosed for bipolar disorder (BD) by an 
experienced psychiatrist according to DSM IV 
criteria for BD and confirmed by using the French 
version of the Structured Clinical Interview (SCID) 
for DSM IV (First et al., 2002). Five BD patients were 
diagnosed with type I BD, six with type II and two 
with “not otherwise specified” BD type. The mean 
age of illness onset was 28.0 ± 9.0 years and the 
mean duration of the illness was 16.1 ± 11.1 years. 
Two patients were medication-free and the others 
received different combinations of drugs including 
lithium (64%), anticonvulsants (43%), 
antidepressants (21%) and atypical antipsychotic 
agents (7%).  
Table 1. Demographic and clinical information of 
healthy subjects and euthymic bipolar patients. 
 BP HS 
 Mean SD Mean SD 
Age (years) 44.07 9.63 44.08 10.85 
Gender (% female) 64% - 69% - 
Age of illness onset (years) 27.96 8.96 - - 
Duration of the illness 
(years) 
16.08 11.10 - - 
Montgomery and Asberg 
Depression Rating Scale 
(MADRS) 
7.61 5.01 - - 
Young Mania Rating Scale 
(YMRS) 
2.92 3.17 - - 
Past depressive episodes 4.00 3.55 - - 
Past hypomanic episodes 4.00 3.21 - - 
Past manic episodes 1.75 1.49 - - 
Positive history of psychotic 
symptoms 
46% - - - 
 
For all of participants exclusion criteria included: 
history of alcohol or drug abuse; current or past 
neurological and/or medical diseases affecting 
cognition; history of head trauma with loss of 
consciousness; metal implants. Additional exclusion 
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criteria were (1) for EBP: any current other Axis I 
psychiatric disorder and sismotherapy during the 
precedent year; (2) for HS: past or present 
psychiatric disorder and family history of 
psychiatric disorders, as well as any medical 
treatment affecting cerebral activity. The controls 
subjects were selected and included in the study 
after an interview with a psychiatrist (PI), and 
according to the SCID. After complete description of 
the study was given to the subjects, written 
informed consents were obtained. The study was 
approved by the local Hospital Ethic Committee (n° 
AU 898/2011).  
2.2. Stimuli and Task 
We used a modified version of the word-face 
emotional Stroop task developed by Etkin et al. 
(2006). In the original version, Etkin et al. (2006) 
used emotional facial stimuli from “pictures of facial 
affect” database (Ekman & Friesen, 1976). Our 
stimuli were different from those used by Etkin et al. 
and they were extracted from more recent database: 
the “Montreal set of facial display of emotion” 
(MSFDE) (Beaupré & Hess, 2005). In order to build 
sets of stimuli, twenty-five grayscale faces with 
different identities, expressing happy or fear 
emotions, were selected, specifically 12 male faces 
and 13 female faces, who represented African, 
Asian, Caucasian or Hispanic ethnicity. Each 
congruent and incongruent stimulus were built by 
using a happy or a fearful face on top of which we 
superimposed the French word “joie” (happy) or 
“peur” (fear) written in capital letters and red color 
(see Figure 1). Similarly to Etkin et al. (2006), we 
also manipulated the amount of emotional conflict 
in the incongruent condition. We distinguished 
incongruent trials preceded by an incongruent trial, 
allowing a more precise resolution of the emotional 
conflict (i.e., high conflict resolution - HR), from 
those preceded by a congruent stimulus, resulting in 
a less precise resolution of the emotional conflict 
(i.e., low conflict resolution - LR) (Figure 1). 
According to congruency “current vs. previous trial” 
we obtained four types of experimental conditions: 
current incongruent – previous congruent (low 
resolution - LR); current incongruent – previous 
incongruent (high resolution - HR); current 
congruent – previous congruent (no conflict 1 – 
NC1); current congruent – previous incongruent (no 
conflict 2 – NC2). Twenty-five different stimuli per 
condition were presented (i.e., 100 stimuli for the 
entire experiment). The identity, gender and origin 
of presented faces were randomized within 
conditions. 
 
Figure 1. Example of two successive trials presented 
in word-face emotional Stroop. Stimuli can be either 
congruent or incongruent according to the valence of 
facial expression (i.e., joyful or fearful) and the valence of 
the word written across them (i.e., joie: happy or peur: 
fear). High conflict resolution trials consist of incongruent 
stimuli preceded by incongruent stimuli; Low conflict 
resolution trials consist of incongruent stimuli preceded 
by congruent stimuli; No conflict trials consist of 
congruent stimuli preceded by either congruent (NC1) or 
incongruent stimuli (NC2) (not shown in the figure). 
To perform the task, participants were instructed 
to identify as accurately and rapidly as possible the 
emotional expression of faces while ignoring the 
associated word. They gave responses by pressing a 
response key with two buttons with their dominant 
hand, corresponding to the two possibilities (happy 
and fear).  For each stimuli and each participant, 
accuracy (% correct responses) and response time 
(ms) were recorded throughout the duration of 
stimulus presentation and inter-stimulus interval 
(for 2500 ms duration). Before the fMRI acquisition, 
participants were trained to perform the task with 
different stimuli that those used during the 
experiment.   
A pseudo-randomized event-related fMRI 
paradigm has been optimized (Friston et al., 1999) 
for 100 events (25 for each condition) and 45 
additional null-events. The null-events were added 
in order to provide appropriate baseline measure 
(Friston et al., 1999) and were represented by a 
black fixation cross displayed in the center of the 
grey screen. All conditions were evaluated during 
one functional run in an fMRI session. The duration 
of each trial was 3000 ms (1000 ms stimulus 
presentation and 2000 ms additional fixation cross). 
The presentation order of stimuli was 
counterbalanced across participants, according to 
three possibilities provided by the optimization. The 
total duration of the run was 7min 25s.  
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2.3. MRI acquisition 
MR images were acquired in a whole-body 3T MR 
scanner (Achieva 3.0 TX Philips, Grenoble MRI 
facility IRMaGE). Functional images were acquired 
with the manufacturer-provided gradient-echo/T2* 
weighted EPI sequence. Thirty-seven adjacent axial 
slices parallel to the bi-commissural plane were 
acquired in interleaved mode. Slice thickness was 
3.75 mm. During the functional run, the cerebral 
volume was measured 174 times. The in-plane voxel 
size was 3 x 3 mm (216 × 216 mm field of view 
acquired with 72 × 72 pixels data matrix; 
reconstructed with to zero filing to 128 × 128 
pixels). The main sequence parameters were TR= 
2.5s, TE= 30ms and flip angle= 77°. Finally, a T1-
weighted high-resolution three-dimensional 
anatomical volume was acquired by using a turbo 
field echo (TFE) sequence (field of view= 224 × 256 
× 176 mm; resolution: 0.8 × 0.8 × 0.8 mm; 
acquisition matrix: 280 × 320 × 220 pixels).       
2.4. Data analyses 
2.4.1. Behavioral data analysis  
Two separate analyses of variance (ANOVA) 
were performed, one on accuracy (%CR) and 
another one on the mean response time (RT) for 
correct responses. The two ANOVAs included the 
following factors: Condition (NC1, NC2, LR, HR) as a 
within-subject factor, and Group (BP, HS) as a 
between-subject factor. Behavioral results are 
reported at P <  0.05 threshold. 
2.4.2.  fMRI data analysis 
FMRI analyses were performed by using the 
SPM8 software package (Welcome Department of 
Imaging Neuroscience, Institute of Neurology, 
London, UK), running on Matlab 7.9 (R2009b) 
(Mathworks, Natick, MA, USA). Brain regions 
involved in different contrasts were labeled by 
means of macroscopic parcellation of the MNI single 
subject reference brain (Tzourio-Mazoyer et al., 
2002).  
Functional images were first time-corrected 
(slice timing), and realigned using rigid body 
transformations. The T1-weighted anatomical 
volume was coregistered to mean image created by 
the realignment procedure and was normalized to 
the MNI space using a tri-linear interpolation. The 
anatomical normalization parameters were then 
used for the normalization of functional volumes. 
Finally, all functional images were smoothed using 
8-mm full-Width at half maximum Gaussian.  
For each participant, experimental conditions 
(LR, HR, NC1, NC2) were modeled using the General 
Linear Model (GLM) (Friston et al., 1995). The six 
realignment parameters were also included as 
covariate of no interest.  The blood-oxygen-level 
dependence response for each event was modeled 
using a canonical form of the hemodynamic 
response function (HRF). Before estimation, a high-
pass filtering with a cutoff period of 128s was 
applied.  
The first level analysis (individual level) 
consisted of two contrast effects: (1) Monitoring 
contrast [LR > HR], to identify cerebral regions 
involved in the generation of the emotional conflict; 
(2) Resolution contrast [HR > LR], to identify 
cerebral regions involved in the resolution of the 
emotional conflict. 
At a second level, random-effect between-group 
analyses were conducted using two-sample t-tests 
(Friston et al., 1998). EBP and HS cerebral activity 
was compared according to the two main contrasts 
defined at individual level (i.e., Monitoring and 
Resolution). The resulting activation maps were 
thresholded at P < 0.001 (uncorrected) with a 
minimum cluster size of 10 voxels. Given our a 
priori hypothesis that particular regions would be 
affected in BP, the groups were also compared using 
small volume correction (SVC) to the GLM targeting 
fronto-limbic regions as mentioned in the 
introduction. To define these regions, the AAL atlas 
(Tzourio-Mazoyer et al., 2002) in the WFU PickAtlas 
toolbox (Maldjian et al., 2003) was used. A family-
wise error (FWE) correction threshold of p < 0.05 
within the SVC was used to determinate significant 
results from these tests. 
We additionally conducted a ROI-analysis to 
examine the amygdala activity, as we had a priori 
hypothesis for its involvement in this task and in the 
physiopathology of BD. Left and right amygdala 
from the AAL atlas were defined through the WFU 
pickatlas toolbox. For each ROI and each participant, 
the percent of MR signal change was extracted and 
the values were included into an analysis of 
variance (ANOVA) with LR vs. HR trials as within-
subject factor and HS vs. EBP as between-subject 
factor. This analysis allowed assessing differences in 
amygdala reactivity between groups and according 
to its possible role in monitoring and in the 
resolution of the emotional conflict. 
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2.4.3. Psychophysiological interaction analysis 
To assess functional connectivity, we performed 
a psychophysiological interaction (PPI) analysis. 
The PPI approach addresses the question of how 
connectivity with a seed region is modulated by a 
psychological factor (such as a task) (Friston et al., 
1997). Based on the peak voxels taken from the 
Monitoring contrast in between-group analysis, the 
best seed region for emotional conflict processing 
was the right middle frontal cortex (DLPFC; MNI 
coordinates: [54 23 33], with a 10 mm radius 
sphere). We used the standard procedure in SPM8: 
(1) the physiological activity of the seed region was 
computed as time series of all voxels within the 
sphere, with the first principal component adjusted 
for effects of interest (i.e., despiked and denoised); 
(2) the psychological regressor representing task 
condition (i.e., LR, HR) was used to determine the 
condition-specific change in functional connectivity; 
(3) the PPI variable (i.e., the interaction term) was 
formed by deconvolving the BOLD signal in order to 
provide the proper derivation of the interaction 
term (at neuronal level) (Gitelman et al., 2003).  
A second GLM analysis that includes the 
interaction term, the signal extracted from the seed 
and the experimental factor, was performed. The t 
contrast of [1 0 0] produced statistical image 
revealing voxels having a significant positive 
connectivity with the DLPFC during the monitoring 
of the emotional conflict, whereas the t contrast [-1 
0 0] revealed regions with negative functional 
connectivity with the DLPFC during the monitoring. 
At the second level, the PPI contrast images were 
entered into one-sample and two-sample t-test 
analyses to evaluate within-group and between-
group random effect respectively. The connectivity 
maps were thresholded at P < 0.005 (uncorrected) 
with a minimum cluster size of 10 voxels. Multiple 
comparisons were also corrected using small 
volume correction (SVC) to the GLM targeting 
fronto-limbic regions as mentioned previously. 
3. Results 
3.1. Behavioral responses 
All conditions combined, BP patients were 
marginally slower [F(1, 25) = 3.93; partial Ƞ2 = 0.14; 
P = 0.06] but in terms of %CR they were comparable 
to HS [F(1, 25) = 0.39; partial Ƞ2 = 0.01; P = 0.09]. 
ANOVAs revealed significant effect of emotional 
conflict conditions in BP and HS for both RT [F(3, 
75) = 23.73; partial Ƞ2 = 0.49; P < 0.001] and %CR 
[F(3, 75) = 9.09; partial Ƞ2 = 0.27; P < 0.001]. 
Planned comparisons confirmed a strong 
interference effect (incongruent vs. congruent) on 
both RT [F(1, 25) = 39.26; P < 0.001] and %CR [F(1, 
25) = 14.65; P < 0.001]. Furthermore, the RT was 
lower for LR than for HR trials [F(1, 25) = 6.84; P = 
0.01], confirming the dissociation between 
monitoring and resolution processes at a behavioral 
level (Figure 2A). A significant Group by Condition 
interaction was also observed on RT [F(3, 75) = 
3.87; partial Ƞ2 = 0.13; P = 0.01]. Planned 
comparisons showed that BP were significantly 
slower than HS for processing incongruent stimuli 
[F(1, 25) = 6.42; P = 0.02] (Figure 2B). However, 
there was no significant difference between BP and 
HS according to the amount of the conflict, i.e., LR vs 
HR trials [F(1, 25) = 1.61; P = 0.22]. Descriptive 
statistics are summarized in Table 2. 
   
Tableau 2. Behavioral performances for word-face emotional Stroop measured during fMRI.  
 LR HR NC 1 NC 2 
Response Time (ms)  
HS  818.69 (238.07) 758.75 (207.83) 716.46 (170.52) 742.37 (170.28) 
BP 973.89 (182.83) 953.09 (210.60) 805.60 (120.49) 841.62 (158.00) 
% Correct Responses 
HS 94.77 (5.26) 93.85 (7.59) 99.36 (1.56) 98.77 (1.92) 
BP 93.43 (6.39) 94.57 (6.39) 97.02 (3.81) 98.57 (2.53) 
Note: Data are reported as Mean (SD). Abbreviations: BP: Bipolar patients; HS: Healthy subjects; LR: Low conflict 
resolution; HR: High conflict resolution; NC1: No conflict 1; NC2: No conflict 2. 
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Figure 2. Behavioral performances during word-face emotional Stroop. Panel A: Illustration of behavioral 
dissociation between conflict monitoring and conflict resolution. The graph shows the mean response time ± SE 
according to the congruency of the current trial and the congruency of the previous trial. Panel B: Illustration of the 
increase emotional interference in euthymic bipolar patients. The graph shows the mean response time ± SE according 
to the group and the congruency of the current trial. *p<0.05. 
3.2. fMRI results 
The HS within-group analysis revealed that the 
monitoring contrast (LR > HR) induced activation 
within the superior frontal gyrus, insula, bilateral 
middle temporal, right inferior temporal, left 
supramarginal and left middle occipital gyri (Figure 
3A). For the same contrast, the BP within-group 
analysis elicited brain activation within the bilateral 
dorsal thalamus only (Figure 3B). 
 
Figure 3. Results of the whole-brain “within-group” 
analyses during conflict monitoring in healthy subjects 
(Panel A) and euthymic bipolar patients (Panel B) (p < 
0.001 uncorrected). Identified regions are projected onto 
2D anatomical slices in axial, coronal and sagittal 
orientations. 
 Between-group analysis revealed that HS elicited 
significantly stronger activation than BP during 
conflict monitoring, in frontal regions including the 
right middle frontal gyrus (dorsolateral part) and 
superior frontal gyrus. Other regions significantly 
more activated in HS than BP were the left middle 
temporal and left supramarginal gyri (Figure 4A). 
There were no regions significantly more activated 
in BP compared to HS.  
The opposite contrast (i.e., resolution contrast: 
HR > LR) did not revealed suprathreshold voxels 
neither for HS and BP within-group analyses, nor for 
between-group comparison.  
The ROI analysis showed increased activity of 
bilateral amygdala during the monitoring of 
emotional conflict. A main effect of Condition 
reflecting higher activity for LR compared to HR 
trials, was observed for both right [F(1, 25) = 12.22 ; 
partial Ƞ2 = 0.33; P = 0.002] and left amygdala [F(1, 
25) = 7.19; partial Ƞ2 = 0.22; P = 0.01]. There was no 
main Group effect neither on the right [F(1, 25) = 
0.003; partial Ƞ2 = 0.0001; P = 0.95] nor on the left 
[F(1, 25) = 0.11; partial Ƞ2 = 0.004; P = 0.74] 
amygdala. The interaction Group-by-Condition was 
not significant (right amygdala: [F(1, 25) = 1.46; 
partial Ƞ2 = 0.05; P = 0.24]; left amygdala: [F(1, 25) = 
0.77; partial Ƞ2 = 0.03; P = 0.39]).  
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Tableau 3. . Activation peaks during emotional conflict monitoring, as revealed by within and between-group 
analyses. 
Lobe Region aal-label H x y z t k 
Healthy subjects: Monitoring ( LR > HR) 
Central Precentral gyrus PRE L -21 25 70 6.39 10 
Frontal Superior frontal gyrus* F1 L -15 29 55 5.16 10 
Insular Insula* IN R 36 8 -5 3.30 15 
Temporal Middle temporal gyrus T2 R 54 -19 -5 5.57 18 
 Middle temporal gyrus T2 L -63 -22 -1 5.00 10 
 Inferior temporal gyrus T3 R 51 -67 -9 5.12 13 
Parietal Inferior parietal/Supramarginal P2 L -45 -34 40 6.85 125 
Occipital Middle occipital gyrus  O2 L -36 -70 10 5.56 21 
Bipolar patients: Monitoring (LR > HR) 
Sub cortical 
grey nuclei 
Thalamus 
THA R 15 -25 14 4.78 12 
 Thalamus THA L -9 -22 14 3.95 24 
Healthy subjects > Bipolar Patients: Monitoring 
Frontal Middle frontal gyrus, dorsolateral* F2 R 54 23 33 3.99 10 
 Superior frontal gyrus* F1 R 6 65 33 5.06 22 
Temporal Middle temporal gyrus T2 L -63 -16 -5 4.33 24 
Parietal Inferior parietal/Supramarginal P2 L -57 -37 36 4.31 11 
*pFWE < 0.05 after small volume correction Abbreviations: LR: Low conflict resolution; HR: High conflict resolution; H: 
Hemisphere; R: Right; L: Left; k: number of voxels/cluster. 
 
 
Figure 4. Results provided by “between-group” analyses. Panel A: Whole-brain comparison in HS vs BP during 
conflict monitoring (LR > HR) (p < 0.001 uncorrected). Identified regions are projected onto 2D anatomical slices in 
axial, coronal and sagittal orientations. Panel B: Region of interest analysis focused on bilateral amygdala. The graph 
shows the mean %MR signal intensity variations ± SE according to the group and the amount of the conflict (LR vs HR). 
*p<0.05. Abbreviations: BP: Bipolar patients; HS: Healthy subjects; LR: Low conflict resolution; HR: High conflict 
resolution.      
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However, as we had specific hypotheses, the 
monitoring effect on each group was tested. Planned 
comparison revealed that activation of bilateral 
amygdala was significantly higher for LR than for 
HR trials (i.e., increase during conflict monitoring 
and decrease during conflict resolution) in HS (right 
amygdala: [F(1, 25) = 10.68; P = 0.003]; left 
amygdala: [F(1, 25) = 18.92; P = 0.02]), but the 
difference was not significant in BP (right amygdala: 
[F(1, 25) = 2.71; P = 0.11]; left amygdala: [F(1, 25) = 
1.69; P = 0.21]) (Figure 4B). 
3.3. PPI results 
As the Resolution contrast did not elicited 
significant results, the PPI analyses were conducted 
on the Monitoring contrast only. Within-group 
analysis revealed for HS a significant negative 
connectivity between the right DLPFC and the 
bilateral superior and middle frontal gyri as well as 
the right middle temporal gyrus. More interestingly, 
HS also presented negative connectivity between 
the right DLPFC and some areas of the DMN, such as 
the ACC and the left hippocampus (Fig 5A). No 
region elicited significant positive connectivity with 
the right DLPFC in the HS group.  
The BP group showed significant negative 
connectivity between the right DLPFC and the left 
hippocampus solely. Moreover, BP showed positive 
connectivity between the right DLPFC and three 
areas of the DMN, subgenual ACC (sgACC), right 
angular gyrus and a cluster that encompassed the 
precuneus and the PCC (Figure 5B). 
The between-group comparison revealed greater 
positive connectivity in BP compared to HS between 
the right DLPFC and three major hubs of the DMN: 
sgACC, precuneus/PCC and the superior frontal 
gyrus (Figure 5C). There were no regions eliciting 
significantly greater connectivity in HS compared to 
BP. 
  
 
 
Tableau 4. Psychophysiological interaction results of within and between-group analyses. 
Lobe Region aal-label H x y z t k 
Healthy subjects: negative regression 
Frontal Superior frontal gyrus* F1 R 18 29 59 4.35 19 
 Superior frontal gyrus* F1 L -12 32 59 5.58 52 
 Middle frontal gyrus* F2 R 24 50 25 4.07 15 
 Middle frontal gyrus* F2 L -21 50 29 4.24 21 
Limbic Anterior cingulate gyrus* AC R/L 9 32 29 5.52 44 
 Hippocampus* HIP L -27 -34 3 5.26 23 
Temporal Middle temporal gyrus T2 R 57 -43 6 5.63 11 
Bipolar patients: negative regression 
Limbic Hippocampus* HIP L -30 -37 -5 3.93 14 
Bipolar patients: positive regression 
Limbic Anterior cingulate/gyrus rectus* AC/GR R/L 0 20 -13 4.04 23 
Parietal Precuneus* PQ L -9 -52 10 3.99 49 
 Angular gyrus AG R 45 -37 33 3.74 33 
Bipolar patients > Healthy Subjects: positive regression 
Frontal Superior frontal gyrus* F1 L -21 65 21 3.95 17 
Limbic Anterior cingulate/gyrus rectus* AC/GR R/L 3 23 -13 3.54 11 
Parietal Precuneus/Posterior cingulate gyrus* PQ/PC L/L -6 -55 10 4.27 109 
*pFWE < 0.05 after small volume correction. Abbreviations: LR: Low conflict resolution; HR: High conflict resolution; H: 
Hemisphere; R: Right; L: Left; k: number of voxels/cluster. 
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Figure 5. Psychophysiological interaction results. Panel A: Results provided by “within group” analysis in healthy 
subjects; Panel B: Results provided by “within group” analysis in bipolar patients; Panel C: Results provided by the 
“between-group” analysis in Bipolar patients vs. Healthy subjects. Red-scale areas represent regions showing positive 
connectivity with the right dorsolateral prefrontal cortex; Blue-scale areas represent regions showing negative 
connectivity with the right dorsolateral prefrontal cortex. Identified regions are projected onto 2D anatomical slices in 
axial, coronal and sagittal orientations (p < 0.005 uncorrected). 
4. Discussion 
The present study examined behavioral and 
cerebral correlates of emotional conflict processing 
in euthymic BP. We used a word-face emotional 
Stroop designed to untangle cerebral mechanisms 
involved in both monitoring and resolution of 
emotional conflict. Using this task allowed to 
implicitly investigate the automatic emotion 
regulation processing in euthymic BP. In terms of 
results, at a behavioral level, (i) we replicated prior 
findings showing increased reaction time for low 
conflict resolution trials compared to high 
resolution trials; (ii) we showed increased 
emotional inference effect in BP in comparison to 
HS. At a cerebral level, we demonstrated that (i) 
compared to HS, BP presented decreased activation 
of the right DLPFC during conflict monitoring; (ii) 
bilateral amygdala were significantly more activated 
for LR trials and deactivated for HR trials in HS but 
not in BP; (iii) the right DLPFC was significantly 
negatively connected to the DMN in HS but 
positively connected to the DMN in BP in monitoring 
of emotional conflict. This difference appeared also 
in the between-group comparison, which revealed 
that the right DLPFC was significantly more 
connected to the sgACC and the PCC in BP compared 
to HS. 
Commenting on behavioral results, we 
reproduced previous results that demonstrated a 
dissociation between processing of incongruent 
stimuli preceded by congruent stimuli (i.e., LR), 
which leads to slower responses (increased RT), and 
processing of incongruent stimuli preceded by 
incongruent stimuli, which facilitates responses 
(faster RT) (Kerns et al., 2004; Egner & Hirsch, 
2005; Etkin et al., 2006). However, at behavioral 
level, we did not obtain significant difference 
between BP and HS for processing LR vs. HR stimuli. 
Nevertheless, in addition to a general slowing, BP 
were significantly slower than HS in processing 
incongruent stimuli. These results seem to be in 
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disagreement with our previous results (P. Favre et 
al., 2013), as well as those reported by Rey et al. 
(2014) for a similar task, which did not reveal 
increased interference effect at a behavioral level 
for BP. Additionally, other fMRI studies that used 
the classical Stroop task (i.e., color-word) did not 
find increased interference effect in BP as well 
(Kronhaus et al., 2006; Pompei et al., 2011). This 
suggests that the dissociation between HR and LR 
trials may be crucial to evaluate conflict processing 
in BP. However, many neuropsychological studies 
highlighted exaggerated interference effect on the 
classical Stroop task in BP, that may reflect selective 
attention and inhibitory control deficits in these 
patients (Robinson et al., 2006; Bora et al., 2009).  
This inhibitory deficit in BP has been shown to be 
consistently related to decreased activation of the 
prefrontal cortex, specifically in its ventrolateral 
part (Blumberg et al., 2003; Kronhaus et al., 2006; 
Pompei et al., 2011). 
Here, we were specifically interested to assess 
cerebral correlates of conflict 
generating/monitoring and conflict resolution in BP. 
This was possible because of the distinction 
between LR and HR trials in the task’s design. The 
supposition is that brain regions with higher activity 
for LR trials should reflect the amount of behavioral 
conflict. In contrast, regions with higher activity for 
HR trials should be rather implicated in conflict 
resolution (Botvinick et al., 2001). Our results 
showed that in HS, the Monitoring contrast revealed 
increased activation of a network encompassing the 
left superior frontal gyrus, the right insula and 
supplementary temporal, parietal and occipital 
areas. These results were in disagreement with 
those reported by Etkin et al. (2006). Indeed, Etkin 
et al. showed in HS during the emotional conflict 
monitoring, increased activation of the DLPFC, the 
DMPFC and the right amygdala. Insula is mostly 
involved in emotional processing but also in 
inhibition control (Schienle et al., 2002) and its 
activation could be explained by implication in the 
management of the conflict. Surprisingly, in 
response to this contrast, BP only showed dorsal 
thalamus recruitment. This part of the thalamus is 
highly connected to frontal areas (Sherman & 
Guillery, 2001). Consequently, its involvement in 
conflict monitoring in BP could be explained by the 
need to compensate at subcortical level for frontal 
activation deficits.  
The Resolution contrast did not reveal significant 
activation, neither for HS nor for BP. We can 
speculate that conflict resolution may not 
differentiate the two populations at a neural level.  
In the between-group comparison, BP presented 
lower DLPFC activation compared to HS. The DLPFC 
is supposed to reflect the difficulty of the task, and 
effortful attentional processing associated with 
incongruent stimuli during Stroop, task switching 
and high-memory load (Duncan & Owen, 2000; 
Fuster, 2001). Furthermore, it was suggested to be 
involved in emotion regulation mechanisms, 
especially in voluntary processes and cognitive 
reappraisal (Ochsner & Gross, 2005; Phillips et al., 
2008). Consequently, the lack of activation of the 
DLPFC in BP during the monitoring of conflict could 
underlie cognitive difficulties in these patients to 
manage the interference arising from two sources of 
information (valence of word vs. valence of facial 
expression). Furthermore, the ROI analysis revealed 
significant difference in right and left amygdala 
activity in response to LR compared to HR trials in 
HS but not in BP. In HS, this result is in accordance 
to results reported by Etkin et al. (2006) that 
showed increased right amygdala activity during 
conflict monitoring. These authors suggested that 
amygdala activation could be related to its 
implication in emotion generation. Other studies 
also suggested the sensitivity of the amygdala to the 
ambiguity (Whalen, 1998; Hsu et al., 2005). 
Moreover, Etkin et al. (2006), demonstrated that the 
activity of amygdala was attenuated during conflict 
resolution by the top-down control exerted by the 
rostral ACC. Interestingly, in our study, it appears 
that amygdala showed a lack of activation for LR 
trials and a lack of deactivation for HR trials in BP 
compared to HS, suggesting abnormal amygdala 
reactivity in BP. We can assume that this may be 
explained by a deficit of top-down control exerted 
by the prefrontal regions on the amygdala in BP. 
Consequently, the amygdala is less inhibited during 
conflict resolution. This hypothesis will be tested in 
a future work, by using the effective connectivity 
analysis. 
Additionally, we investigated functional 
connectivity patterns during the task. The right 
DLPFC was used as seed region because it showed 
significant difference between HS and BP during 
conflict monitoring. In HS, this region was 
negatively connected to the bilateral superior and 
middle frontal gyri, ACC and left hippocampus. All of 
these brain regions are part of the DMN (Raichle et 
al., 2001; Raichle & Snyder, 2007). The DMN is 
defined as a cerebral network preferentially 
activated at rest and deactivated during cognitive 
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tasks (Greicius et al., 2003). Precisely, the DMN is 
composed by four major hubs: medial prefrontal 
cortex (MPFC)/ACC, precuneus/PCC and right and 
left angular gyri. Other regions are connected to 
these hubs constituting the whole DMN, such as 
hippocampus, superior frontal gyrus and inferior 
temporal cortices (Buckner et al., 2008). In the 
context of the resting-state paradigm, the activation 
of the MPFC/ACC is supposed to reflect internally- 
generated thoughts and self-referential processing 
(Gusnard et al., 2001); as regard to hippocampus 
activation, it is intended to underlie episodic 
memory processes (Buckner et al., 2008). In the 
current study, the negative connectivity between 
the DLPFC and the major hubs of the DMN, like the 
ACC and the hippocampus, obtained in HS, should 
reflect the disengagement of the DMN during 
conflict monitoring. Indeed to solve the conflict, 
participants need to remain attentive and to inhibit 
distractors, which require much of cognitive 
resources. Unexpectedly, the right DLPFC was 
positively connected to other DMN regions in BP, 
such as PCC/Precuneus and sub-genual ACC. These 
connections were significantly stronger in BP 
compared to HS during conflict monitoring. This 
could be explained by the difficulty experienced by 
BP to disengage the DMN at the time of conflict 
generation. Interestingly, in a previous resting-state 
study in euthymic BP (P. Favre et al., 2014), we 
showed a lack of negative connectivity between the 
MPFC and the right DLPFC. We proposed that, even 
at rest, BP had difficulties to switch between 
internal-mode of information processing (reflected 
by the activation of the DMN) and external-mode of 
information processing (reflected by the activity of 
the DLPFC, which could be included in a larger 
“task-positive network” - TPN) (Corbetta & 
Shulman, 2002; Fox et al., 2005). Taken together, 
the results provided by our previous resting-state 
study and the results obtained in the current study 
suggest abnormal coupling between DMN and TPN 
in BP, both at rest and during a task requiring strong 
cognitive effort, such as emotional conflict 
processing. We assume that poorer performances in 
BP group during the task (i.e., increased emotional 
interference) would be due to a lack of 
disengagement of the attention on self, which would 
have led in turn to less effective conflict 
management. This explanation is supported in BP by 
the observed positive connectivity between the 
DLPFC and the subgenual part of the CCA, a brain 
area known to be involved in mental ruminations 
and depression symptoms in patients with unipolar 
depression (UD) (Mayberg et al., 1999; Lemogne et 
al., 2009; Nejad et al., 2013). Furthermore, 
abnormally increased connectivity between the 
DMN and the sgACC was reported in patients with 
UD and supposed to be related to ruminations 
during the resting-state (Greicius et al., 2007). 
Consequently, residual depressive symptoms in 
euthymic BP may result of this abnormally 
increased connectivity between the DLPFC and the 
sgACC during the emotional conflict processing. 
Future studies will assess whether these 
abnormalities of functional connectivity are related 
or not to white matter abnormal structural 
connectivity across DMN and TPN (Greicius et al., 
2009). 
At least three limitations of this study should be 
mentioned. First, statistical thresholds used for 
whole-brain analyses were not corrected for 
multiple comparisons at whole-brain level. The lack 
of power to detect significant corrected results 
could be due to the small sample size of study. 
Consequently, generalization of our findings is 
limited. Second, the majority of patients included in 
the study were medicated and the combinations of 
treatment were too heterogeneous to assess the 
medication effect on the results. Third, the clinical 
subtypes of patients included in this study were 
various, both BD I and BD II, which could limit the 
specificity of our findings. Future studies focused on 
each clinical subtype of BD are needed to elucidate 
the precise pathophysiological mechanisms of BD.  
This is the first study which aimed to disentangle 
the different subprocesses of emotional conflict 
processing in BD. We provide evidence for 
behavioral and cerebral impairments for emotional 
conflict processing and emotional regulation 
mechanisms in euthymic BP. Our main findings 
highlight dysfunction of the right DLPFC in BP 
during conflict monitoring or generation, which may 
be responsible for poorer performances in patients 
in response to incongruent stimuli. Moreover, BP 
showed a lack of deactivation of bilateral amygdala 
during conflict resolution, potentially related to an 
insufficient top-down control of prefrontal region 
overwhelmed by the amount of the conflict. In 
addition, the right DLPFC was abnormally positively 
connected to the sgACC and the PCC/Precuneus 
during conflict monitoring, thus reflecting the 
inability of BP to withdraw their attention from 
themselves and redirect it toward the 
task/environment. Further studies are required to 
better understand the dynamic of connectivity 
changes between lateral prefrontal, medial 
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prefrontal and limbic regions in BP during voluntary 
and automatic emotion regulation processing.  
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Background: Neural substrates of bipolar disorder (BD) have frequently been characterized by dysregula-
tion of fronto-limbic networks that may persist during euthymic periods. Only a few studies have
investigated euthymic bipolar patients (BP) functional connectivity at rest. The current study aims to
assess resting-state functional connectivity in euthymic BP in order to identify trait abnormalities
responsible for enduring mood dysregulation in these patients.
Methods: Medial prefrontal cortex (mPFC) functional connectivity was investigated in 20 euthymic BP
and 20 healthy subjects (HS). The functional connectivity maps were compared across groups using a
between-group random effect analysis. Additional region of interest (ROI) analysis focused on mPFC–
amygdala functional connectivity as well as correlations between the clinical features in euthymic BP was
also conducted.
Results: A significant difference between euthymic BP and HS was observed in terms of connectivity
between the mPFC and the right dorsolateral prefrontal cortex (dlPFC). A significant negative correlation
between the activity of these regions was found in HS but not in euthymic BP. In addition, euthymic BP
showed greater connectivity between mPFC and right amygdala compared to HS, which was also
correlated with the duration of the disease.
Limitations: The BP group was heterogeneous with respect to the bipolarity subtype and the medication.
The robustness of results could be improved with an increased sample size.
Conclusions: Compared to HS, the euthymic BP showed abnormal decoupling (decreased functional
connectivity) activity between mPFC–dlPFC and hyperconnectivity (increased functional connectivity)
and between mPFC and amygdala. These abnormalities could underlie the pathophysiology of BD, and
may deteriorate further in accordance with disease duration.
& 2014 Elsevier B.V. All rights reserved.
1. Introduction
Bipolar disorder (BD) is a severe psychiatric disorder character-
ized by abnormal emotional and cognitive processing during acute
(mania and depression) and inter-critical (euthymic) periods.
Euthymic periods are characterized by disabling residual symp-
toms such as mood instability, increased emotional reactivity as
well as cognitive processing deficit (Bora et al., 2009; Henry et al.,
2008; Judd et al., 2005; Martínez-Arán et al., 2004). Neurofunc-
tional impairments in euthymic bipolar patients (BP) may underlie
the primary pathological process of BD and represent trait char-
acteristics of the disorder. The identification of trait abnormalities
in BD is particularly important as it could contribute to early
diagnosis of BD thus reducing the latency to adequate treatment
thereby improving outcome (Altamura et al., 2010).
Current pathophysiological models of BD highlight the pre-
sence of abnormalities in fronto-limbic regions responsible for the
emotional dysregulation seen in this disorder (Phillips et al., 2008;
Strakowski et al., 2012). During euthymic periods, both increased
Contents lists available at ScienceDirect
journal homepage: www.elsevier.com/locate/jad
Journal of Affective Disorders
http://dx.doi.org/10.1016/j.jad.2014.04.054
0165-0327/& 2014 Elsevier B.V. All rights reserved.
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and decreased activations in prefrontal and limbic regions have
been found when either cognitive and/or emotional tasks have
been employed (Chen et al., 2011). Thus, persistent cerebral
abnormalities during euthymic periods are not completely under-
stood. fMRI paradigms not dependent on the employed task, i.e.
resting-state fMRI paradigm, provide a promising approach to the
study of brain function in BD and identification of the precise state
and trait characteristics of this disorder.
Recent studies suggested that brain activity during resting-
state reflects neural activity in the absence of any explicit cognitive
demand. Consequently, its evaluation may be of interest in study-
ing pathophysiological characteristics of affective disorders (see
Whitfield-Gabrieli and Ford (2012) for review). Among the identi-
fied resting-state brain networks, the default mode network
(DMN) is composed of a set of brain regions preferentially
activated during internally-generated thoughts and self-reflection,
and deactivated during cognitively demanding tasks in fMRI
(Greicius et al., 2003; Raichle et al., 2001). It encompasses four
core brain regions: medial prefrontal cortex (mPFC), posterior
cingulate cortex (PCC)/precuneus and lateral parietal cortex (angu-
lar gyrus). Additional brain regions such as the hippocampus and
parahippocampal cortices, inferior temporal and superior frontal
cortices are also connected to these core regions (Buckner et al.,
2008; Fox et al., 2005; Greicius et al., 2003). The DMN has
frequently been found to be abnormally activated and/or con-
nected in patients with unipolar and bipolar depression (Greicius
et al., 2007; Liu et al., 2012a; Nejad et al., 2013), schizophrenia
(Whitfield-Gabrieli et al., 2009) and manic periods of BD (Calhoun
et al., 2008; Chai et al., 2011; Öngür et al., 2010). In particular,
abnormal recruitment of parietal areas and ventral medial pre-
frontal cortex (mPFC) in manic BP (Öngür et al., 2010) and
decreased connectivity in posterior cingulate gyrus in BP with
psychotic symptoms (Khadka et al., 2013) have been reported. In
bipolar depression enhancement of the local synchronization of
spontaneous neural activities in the left mPFC and left inferior
parietal lobule has been found (Liu et al., 2012a). However,
although DMN functional connectivity may also be impaired
during euthymic periods, this has not been extensively
explored in BD.
Moreover, abnormal functional connectivity patterns at rest
have been observed in cortico-limbic regions in BP but without
specificity according to mood state (Anand et al., 2009; Chepenik
et al., 2010; Meda et al., 2012; Xu et al., 2014). Indeed, most of the
previous resting-state studies reported abnormal cortico-limbic
connectivity in BP, thus supporting the emotional dysregulation
hypothesis (see Vargas et al. (2013), for review). As far as we know,
only two studies specifically recruited BP during euthymic state.
These studies, performed in a group of medicated type I bipolar
patients (BP) compared to healthy subjects (HS), revealed reduced
global functional connectivity in mPFC (Anticevic et al., 2012),
increased mPFC–amygdala and ventrolateral PFC (vlPFC)–amyg-
dala connectivity (Anticevic et al., 2012; Torrisi et al., 2013,
respectively) and also decreased dorsolateral PFC (dlPFC)–amyg-
dala in BP with a history of psychosis (Anticevic et al., 2012).
In the present study, we employed a seed-based correlation
analysis to evaluate resting-state brain activity in euthymic BP
compared to HS. This method was preferred to an Independent
Component Analysis (ICA) approach because it allowed for direct
assessment of the network of areas most strongly functionally
connected areas to the seed region. Moreover, seed-analysis allows
for the identification of anticorrelations, i.e. networks with inverse
temporal relationships or negative activity correlations (e.g. the
DMN and the task-positive network) (Chai et al., 2011; Fox et al.,
2005). This phenomenon may be crucial for understanding the
pathophysiology of psychiatric disorders. The ventral part of the
mPFC has been chosen as the seed-region because it has been
identified as a core region of the DMN, showing positive functional
connectivity with DMN regions and negative functional connec-
tivity (anti-correlations) with task-related regions, such as lateral
prefrontal regions (Fox et al., 2005; Greicius et al., 2003). More-
over, the mPFC is widely connected to subcortical and limbic areas,
suggesting its import to emotional regulation processes and in
affective symptoms of BD. We hypothesized in euthymic BP
persistent abnormal resting-state functional connectivity between
mPFC and limbic regions as well as between mPFC and lateral
prefrontal regions. We also assumed stronger abnormalities in
functional connectivity when the disease has further progressed.
2. Methods
2.1. Participants
Twenty euthymic BP and 20 healthy subjects were included in
the study. Mood symptoms were evaluated on the day of the
scan using the Montgomery and Asberg Depression Rating Scale
(MADRS) (Montgomery and Asberg, 1979) and the Young
Mania Rating Scale (YMRS) (Young et al., 1978). Patients were
included in the study if they reported having been euthymic for at
least one month prior to scanning and if they had an MADRS'
score o15 (Pellet et al., 1987) and a YMRS' score o7 (Table 1). All
patients were diagnosed for bipolar disorder (BD) by an experi-
enced psychiatrist. The diagnosis of BD was made according
to DSM IV criteria for BD and confirmed by using the Structured
Clinical Interview (SCID) for DSM IV. Thirteen patients were
diagnosed with type I BD, five with type II, and two with “not
otherwise specified” BD type. All patients were medicated and
received different combinations of drugs including lithium (80%),
anticonvulsants (60%), antidepressants (35%) and atypical
antipsychotics (5%).
Table 1
Demographic and clinical characteristics of 20 euthymic bipolar patients included in the study.
Euthymic bipolar patients Healthy controls
Mean SD Mean SD
Age (years) 42.0 10.7 43.7 11.1
Gender (% female) 55 – 50 –
Age of illness onset (years) 26.3 7.8 – –
Duration of the illness (years) 15.6 9.3 – –
Montgomery and Asberg Depression Rating Scale (MADRS) 7.0 5.2 – –
Young Mania Rating Scale (YMRS) 2.6 2.8 – –
Past depressive episodes 4.2 3.2 – –
Past hypomanic episodes 3.2 3.5 – –
Past manic episodes 2.8 2.5 – –
Time in remission (months) 13.7 18.8
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For all participants, exclusion criteria included: history of
alcohol or drug abuse; current or past neurological and/or medical
diseases affecting cognition; history of head trauma with loss of
consciousness; metal implants. Additional exclusion criteria were
(1) for euthymic BP: any current other Axis I psychiatric disorder
and electroconvulsive therapy during the previous year; (2) for HS:
past or present psychiatric disorder and family history of psychia-
tric disorders, as well as any medical treatment affecting cerebral
activity. The control subjects were selected and included in the
study after an interview with a psychiatrist (PI), and according to
the SCID. After a complete description of the study was given to
the subjects, written informed consent was obtained. The study
was approved by the local University Hospital Ethics Committee
(n1 2011-A00425-36).
2.2. fMRI data acquisition
Imaging data were acquired using two whole-body 3T MR
scanners (Bruker MedSpec S300 and Achieva 3.0 TX Philips -
Grenoble MRI facility IRMaGE) with a similar fMRI acquisition
sequence. Two MR imagers were used (the change of the scanner
was due to technical reasons, independent of this study). Ten
euthymic BP and ten HS were scanned on each scanner. During the
six minutes of resting-state fMRI scans, subjects were asked to stay
awake with eyes open and to not think about anything in
particular. Functional images acquired using the Bruker scanner
were collected in 39 3.5-mm-thick slices while functional images
acquired using the Philips scanner were obtained in 37 3.75-mm-
thick adjacent axial slices parallel to the bi-commissural plane
(interleaved EPI sequence, T2n—weighted images; echo-time-
¼30 ms; repetition time¼2.5 s; flip angle¼771; 3 mm in-plane
resolution; field of view¼216 216 mm2; 72 72 pixels data
matrix for both scanners). During all functional runs the cerebral
volume was measured 144 times. It started with four initial
dummy scans, in order to stabilize the magnetic field. The
corresponding images were subsequently discarded and not
included in the data processing. Finally, a T1-weighted height-
resolution three-dimensional anatomical volume was acquired
(0.8 mm in plane resolution, 0.8 mm thickness; field of view
224 256 176; acquisition matrix¼280 320 220 pixels). A
3D Modified Driven Equilibrium Fourier Transform (MDEFT) and
a turbo field echo (TFE) sequence were used for acquisitions using
the Bruker and the Philips scanners respectively.
2.3. fMRI data preprocessing and analysis
Preprocessing steps were performed via the SPM8 software
package (Welcome Department of Imaging Neuroscience, Institute
of Neurology, London, UK) running on Matlab 7.9 (R2009b) (Math-
works, Natick, MA, USA). For each participant, functional images
were first time-corrected (slice timing) and subsequently rea-
ligned by using rigid body transformations. The T1-weighted
anatomical volume was co-registered to the mean image created
by the realignment procedure and was normalized to MNI space
using a tri-linear interpolation. Functional volumes were then
normalized using the anatomical normalization parameters and
resampled into a 3 3 3.75 mm3 voxel size in order to analyze
data acquired using the Bruker and the Philips scanners together.
All functional images were then smoothed using 6-mm full-width
at half-maximum Gaussian.
2.3.1. First-level analyses
Functional connectivity was measured via a seed-based corre-
lation method using the CONN–fMRI functional connectivity tool-
box (Whitfield-Gabrieli and Nieto Castañón, 2012). We examined
the connectivity during rest between the ventral mPFC (seed
region) and each voxel of the brain. This seed region was defined
according to previous studies identifying this region within DMN
(Chai et al., 2011; Fox et al., 2005; Whitfield-Gabrieli et al., 2009),
and with a 10-mm sphere centered at MNI coordinates (!1, 49,
!2) that includes parts of both the anterior cingulate cortex (ACC)
and the orbitofrontal cortex (see Fig. 1). As implemented in the
CONN–fMRI toolbox, our analysis used a component-based noise
correction method (aCompCor) which allowed for the removal of
physiological noise in the resting-state fMRI signal so as to
(1) enhance the specificity and the sensitivity to positive correla-
tions and (2) avoid artifactual anticorrelations without global
signal removal (Behzadi et al., 2007; Chai et al., 2012). Principle
components of the signal from white matter and cerebral spinal
fluid were removed together with movement-related covariates
and outliers identified using the ART toolbox (www.nitrc.org/
projects/artifact_detect). Functional images were then temporally
band-pass filtered (0.01o fo0.1 Hz). Correlations maps were
calculated for each subject by extracting the mean signal time
course from the seed and computing Pearson's correlations
coefficients with the time course of all other voxels of the brain.
Those correlation coefficients were converted to normally distrib-
uted z-scores using the Fisher transformation to allow for second-
level General Linear Model analyses.
2.3.2. Second-level analyses
Connectivity maps for each subject were entered within one-
sample t-test and two-sample t-test analyses computed via SPM8
(Friston et al., 1998), to compare qualitatively and quantitatively
the mPFC functional connectivity across the two groups (HS and
euthymic BP). To check for the possibility that the results could be
driven by differences in the type of scanners used, we added this
factor as an additional random-effect covariate of non-interest in
each analysis. For whole-brain statistical analyses, a voxel height
threshold of po0.001 and a cluster height threshold of po0.05
FWE-corrected were retained. Regions identified from these ana-
lyses were then used as ROIs in post-hoc ROI analysis. The
connectivity value (Fisher's z-score) between the seed and the
identified ROI was extracted from the connectivity map (z-map)
from each participant to allow further examination of the nature
of this connectivity in each group (correlated or anti-correlated).
The connectivity values extracted from each ROI were then
converted back to correlation coefficient (r-value) in the reporting
of the results. We additionally conducted an ROI-analysis to
examine the connectivity between mPFC and amygdala, as we
had a priori hypotheses for the involvement of this region in the
physiopathology of BD. Left and right amygdalae from the Auto-
mated Anatomical Labeling (AAL) atlas (Tzourio-Mazoyer et al.,
2002) were defined through the WFU pickatlas toolbox (Maldjian
et al., 2003). The connectivity value (z-score) between mPFC and
left and right amygdalae was extracted from each participant's
connectivity maps. Between-group t-tests were conducted to
determine if the euthymic BP and the HS differed in mPFC–
amygdala connectivity. As gender may be a factor which mod-
ulates ruminations (Roberts et al., 1998), which are frequent at rest
and which might be, in turn, subtended by the mPFC functional
connectivity (Nejad et al., 2013), we conducted additional analyses
including the gender as a covariate.
2.3.3. Correlations with illness duration
To evaluate the association between illness duration in euthy-
mic BP and mPFC, functional connectivity correlations (Pearson's
coefficients) were performed between the number of years after
the first diagnostic of BD in each patient and the connectivity
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values (z-scores) of regions showing significant differences
between BP and HS.
3. Results
3.1. Between group analyses
Increased functional connectivity between the mPFC and the
right dorsolateral prefrontal cortex (dlPFC) has been observed in
euthymic BP compared to HS. This cluster in the right dlPFC was
centered at MNI coordinates [42, 41, 14] (t-score¼5.19; cluster
size¼67 voxels; cluster-level FWE-corrected po0.05) (Fig. 1). The
opposite contrast (HS4euthymic BP) did not reveal a suprathres-
hold voxel. The supplementary inclusion of gender as a random-
effect covariate did not change the results as the same cluster was
found. These analyses were added into a supplementary file.
3.2. Region of interest analyses
The Post-hoc ROI analysis reveals significant anti-correlation
between mPFC and right dlPFC in HS (mean r¼ 0.25; po0.001)
while this correlation was not significant in euthymic BP
(r¼ 0.03; p¼0.18) (Fig. 2A).
The additional a priori ROI analysis focusing on mPFC–amyg-
dala functional connectivity revealed a significant difference
between euthymic BP and HS for the connectivity between the
mPFC and the right amygdala (t(38)¼2.00; p¼0.03). The activity
of the mPFC was significantly correlated to the right amygdala in
euthymic BP (r¼0.08; p¼0.002) whereas this was not the case in
HS (r¼0.01; p¼0.48) (Fig. 2B).
The inclusion of gender as a confounding factor in ROIs
analyses did not affect the pattern of the results (see Supplemen-
tary information).
3.3. Correlations with illness duration
The correlation between the mean duration of the disorder and
mPFC–right amygdala functional connectivity was significant
(r¼0.46; p¼0.04) (Fig. 3). Patients with longer illness duration
had higher mPFC–right amygdala connectivity scores. The mean
duration of the disorder did not correlate significantly with mPFC–
right dlPFC functional connectivity (r¼ 0.27; p¼0.24). Additional
exploratory correlations with the mPFC–right dlPFC and the mPFC–
right amygdala functional connectivity and over clinical variables
(MADRS and YMRS scores and number of past manic, hypomanic
and depressed episodes) are mentioned in Supplementary Table 1.
Fig. 1. Results of whole-brain analyses for medial prefrontal cortex functional connectivity. Panel A: within-group results in healthy subjects; Panel B: within-group results
in euthymic bipolar patients; Panel C: between-group result (euthymic bipolar patients4healthy subjects). Identified regions are projected onto 2D anatomical slice in axial,
coronal and sagittal orientations. Abbreviations: HS¼healthy subjects, EBP¼euthymic bipolar patients, and mPFC¼medial prefrontal cortex.
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4. Discussion
The main goal of this study was to identify trait characteristics
of bipolar disorder, i.e., get some clues on brain regions/connec-
tions that could be altered by the presence and chronicity of the
disorder. We assessed resting-state functional connectivity in
euthymic BP in order to identify a reliable marker of BD, which
is not dependent on the activation task used. We were particularly
interested in studying functional connectivity of both default
mode and task positive networks, as they may play a critical role
in the neural circuitry of affective disorders. A seed-based correla-
tion method was used to process the data. The ventral mPFC was
chosen as the seed-region as it represents a core region of the
DMN and is strongly involved in emotion regulation (Phillips et al.,
Fig. 2. Results of region of interest analyses. Panel A: Significant difference between euthymic bipolar patients and healthy subject in mPFC–right dorsolateral prefrontal
cortex functional connectivity. Panel B: Significant difference between euthymic bipolar patients and healthy subjects in mPFC–right amygdala functional connectivity. Each
ROI is represented in 2D anatomical slice in axial orientation. Bars represent the average connectivity between the medial prefrontal cortex and each ROI within each group.
Error bars represent standard deviation. Abbreviations: HS¼healthy subjects, EBP¼euthymic bipolar patients, mPFC¼medial prefrontal cortex, and dlPFC¼dorsolateral
prefrontal cortex. npo0.05.
Fig. 3. Correlation calculated between the duration of disorder and the mPFC–right amygdala functional connectivity in euthymic bipolar patients. Abbreviation:
mPFC¼medial prefrontal cortex.
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2008; Strakowski et al., 2012). Three main results were obtained in
this study: (1) a negative connectivity (negative correlation)
between mPFC and right dlPFC, usually found in HS, was not
found in euthymic BP; (2) a positive correlation between mPFC
and right amygdala in euthymic BP was not found in HS; (3) the
strength of the connectivity between the mPFC and the right
amygdala was positively and significantly correlated with the
duration of the disorder.
In the current study, the functional connectivity between mPFC
and other DMN regions (as defined in Section 1) seems to be
undamaged in euthymic BP, suggesting preserved internally-
focused processing and thoughts (Greicius et al., 2003). However,
in comparison to HS, euthymic BP showed a lack of anticorrelation
between the mPFC and the right dlPFC. In HS, lateral prefrontal
regions, such as the dlPFC, belong to a “task-positive” network
including a set of regions preferentially active during external
attention-demanding tasks (Corbetta and Shulman, 2002). In
contrast, the mPFC, as a core region of the DMN or “task-negative”
network, commonly exhibits greater activity during internal
thoughts than during external cognitive tasks (Greicius et al.,
2003; Greicius and Menon, 2004). The negative correlation
between the activity of the mPFC and the right dlPFC seen in HS
is in accordance with previous resting-state studies in HS, which
reported a strong negative correlation (i.e., anti-correlation)
between “task-positive” and “task-negative” networks in HS (Fox
et al., 2005; Greicius et al., 2003). The inverse temporal relation-
ship between these two networks reflects coupled activity. Speci-
fically, during externally-oriented tasks requiring attention, the
task-positive network is activated, while DMN activation is sup-
pressed (Buckner et al., 2008). However, in euthymic BP, the
activity of the mPFC was not significantly negatively correlated
to the activity of the dlPFC. This suggests a decoupling of activity
between task-positive and task-negative networks in euthymic BP.
This abnormality could be related to patients' deficits in some
cognitive functions. Indeed, abnormal activation of the dlPFC has
been shown in euthymic BP as compared to HS during cognitive
processing, especially during emotional (Hassel et al., 2008;
Robinson et al., 2008; Yurgelun-Todd et al., 2000), inhibition
(Gruber et al., 2004) and working memory (Hamilton et al.,
2009) tasks. This result could therefore be linked to the persistent
impairment in cognitive/executive functions during euthymic
state reported by neuropsychological studies (e.g. Martínez-Arán
et al., 2004; Robinson et al., 2006; Savitz et al., 2005). The
decoupling activity between these regions in euthymic BP could
also be determined by a difficulty in BP of switching between
external and internal modes of information processing. Moreover,
our results are consistent with those reported by Chai et al. (2011)
who used the same method and report no significant anticorrela-
tion between mPFC and dlPFC in both manic BP and schizophrenic
patients. However, Chai et al. (2011) found abnormal hypercon-
nectivity (greater positive correlation) between mPFC and ven-
trolateral PFC (vlPFC), as well as between mPFC and insula, in
manic BP but not in HS and schizophrenic patients. The lack of
anti-correlation between mPFC and dlPFC reported in our study
during the euthymic state of BD and during the manic state in Chai
et al. (2011) suggests that the decoupling activity between these
regions may constitute a trait marker of BD. The abnormal
hyperconnectivity between mPFC–vlPFC and mPFC–insula during
the manic state reported by Chai et al. (2011) may rather be state-
related.
Abnormal increased connectivity between mPFC and amygdala
at rest in euthymic BP compared to HS was also found in this
study. This result is highly consistent with previous studies which
showed increased fronto-limbic connectivity in various mood
states of BD using ICA and ReHo approaches (Liu et al., 2013b;
Meda et al., 2012) and studies using the ROI method (Anticevic et
al., 2012; Torrisi et al., 2013). The increased mPFC–amygdala
connectivity in euthymic BP could reflect excessive attentional
focus on emotions during resting-state in euthymic BP. Indeed,
several studies suggest that BP continue experiencing residual
symptoms, such as mood lability or increased emotional reactivity,
even during intercritical periods (Henry et al., 2008; Judd et al.,
2005). However, because of its numerous anatomical connections
with the limbic system, the mPFC is strongly involved in emotional
regulation processes (Öngür and Price, 2000; Phillips et al., 2008).
In particular, abnormal morphology of the uncinate fasciculus was
demonstrated in BP (e.g. Houenou et al., 2007; Wessa et al., 2009).
With respect to studies focused on amygdala functional connec-
tivity during euthymia, Torrisi et al. (2013) found hyperconnectiv-
ity between right vlPFC and right amygdala in euthymic BP
compared to HS. Interestingly, this connectivity was mediated by
the activity of the anterior cingulate cortex (ACC). Moreover, using
a seed-based analysis focused on amygdala connectivity, Anticevic
et al. (2012) also found increased connectivity between the
amygdala and the mPFC in stabilized BP. As our seed region in
the mPFC encompasses a part of the ACC, the increased connec-
tivity between mPFC and right amygdala, together with those of
Torrisi et al. (2013) and Anticevic et al. (2012), argues for a key role
of mPFC/ACC–amygdala connectivity in emotion regulation in
euthymic BP.
However, decreased functional connectivity between pregenual
ACC (pgACC) and amygdala has also been found in resting-state
studies, including in patients in manic, depressive or euthymic
states (Anand et al., 2009; Chepenik et al., 2010). By using a
psychophysiological interaction (PPI) approach, Townsend et al.
(2013) demonstrated that euthymic BP, as compared to HS, show
weaker negative functional connectivity between left amygdala
and bilateral vlPFC during emotional regulation processing. Similar
results have been found in manic BP by means of an emotional
face-labeling task (Foland-Ross et al., 2008). These conflicting
results are difficult to interpret as they assess functional connec-
tivity in activation tasks and involved BP in different mood-states.
Nevertheless, we could assume that mPFC–amygdala connectivity
can change in a dynamic way according to environmental con-
straints. Indeed, and during emotional tasks, it could be that the
emotional regulation system fails in BP patients, as observed by
Townsend et al. (2013) in response to emotional scenes. However,
in resting-state conditions characterized by “default” brain activ-
ity, the emotional regulation system appears to be hyperactivated
in bipolar patients, even during euthymic periods. To explain this,
we make the assumption that BP are “overtrained” to regulate
their emotional feelings in comparison to HS. This hypothesis
could also be supported by our study by way of the correlation
observed between disease duration and the connectivity between
mPFC and amygdala. Indeed, patients experiencing longer dura-
tions of illness might be more “trained” to regulate emotion, as
they have had to deal with it for a longer time. Indeed, these
patients showed higher mPFC–amygdala connectivity. Anticevic
et al. (2012)'s results also support this hypothesis. These authors
showed that the hyper-connectivity in mPFC–amygdala in euthy-
mic BP was higher in patients with a history of psychotic
symptoms. Thus, patients with more severe symptoms are more
likely to strongly regulate their emotions. By contrast, the correla-
tion observed between mPFC–amygdala connectivity and disease
duration might also reflect the decline of emotional regulation
during the course of bipolar disorder, in accordance with the
kindling hypothesis (Post, 2007). Longitudinal studies will be
indispensable to identify whether increased mPFC–amygdala con-
nectivity is either a protective or risk factor for relapse in bipolar
disorder.
To conclude, it is interesting to point out that the same pattern
of abnormal functional connectivity as that obtained in this study
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was found in patients with major depressive disorder (MDD)
(Nejad et al., 2013). Indeed, the functional connectivity of anterior
cortical midline regions (mainly mPFC, ACC and subgenual ACC)
with the amygdala and the dlPFC was found to be disrupted in
patients with MDD (Anand et al., 2005; Greicius et al., 2007;
Lemogne et al., 2009; Siegle et al., 2007). Altogether, these results
suggest a common perturbation of emotional regulation circuitry
in mood disorders. However, the few studies that have directly
assessed differences in resting-state functional connectivity
between MDD and depressed BD patients, consistently reported
differences in the left posterior and the right dorsal anterior insula
(Liu et al., 2012b, 2013a, respectively). These two studies used
global “data-driven” approaches, i.e. ALFF and ReHo (Liu et al.,
2012b, 2013a, respectively), which are less specific than seed-
based analyses and do not allow to investigate anticorrelations.
Therefore, the comparison of mPFC functional connectivity
between MDD and BD patients would be interesting to precise
trait abnormalities of each disease.
Several limitations of this study should be mentioned. First, the
patients included in this study were medicated. The medication
varied, and the number of subjects was too limited to group them
according to a specific type of drug. Medication could play a
specific role in functional connectivity but is not actually demon-
strated. Second, we recruited BP who reported being euthymic for
at least one month and had an YMRS score o7 and a MADRS
score o15. The latter score was higher than that usually reported
in studies with euthymic bipolar patients (commonly o7) but the
patients included in the study were not diagnosed with a major
depressive disorder at the time of the medical evaluation. Finally,
regarding existing subtypes of BD, our sample was quite hetero-
geneous. Future studies focusing on each subtype of BD are needed
to elucidate the precise pathophysiological mechanisms of BD.
5. Conclusions
We explored resting-state functional connectivity during the
euthymic BD phase and specifically focused on the functional
connectivity of the mPFC (core region of DMN), crucial for
emotional regulation processing. Our results demonstrated a lack
of anti-correlated–decoupling-activity between the mPFC and
right dlPFC (task-positive region) during euthymic periods of BD.
The decoupling between default mode and task-positive networks
may suggest difficulties of BP in switching between internal and
external modes of information processing. Moreover, our results
revealed abnormal hyper-connectivity between the mPFC and
right amygdala in euthymic BP, which may reflect abnormal
involvement of an emotional region during resting-state in euthy-
mic BP. Overall our results tend to suggest that the dysfunction of
emotional regulation networks in BD is a trait-related rather than
a state-related marker of bipolar disorder. Future longitudinal
studies focusing on all of the different mood states will be
instructive in order to further identify trait- and state-related
abnormalities in BD at rest.
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Supplementary Information 
Supplemental Results 
1. Analyses considering Gender variable as covariate 
To control for the effect of Gender, we included this factor as an additional random-effect 
covariate of non-interest in the whole-brain between-group analysis. Its inclusion did not change 
the results as they revealed increased mPFC-right dlPFC connectivity in BP compared to HS, in 
the same cluster (peak MNI coordinates: [42 41 14]; t-score = 5.10; cluster size = 67 voxels; 
cluster-level FWE-corrected p< 0.05).  
Similarly, the inclusion of Gender variable during the ROIs analyses, did not affect the pattern of 
results. Indeed, the Gender effect was not significant neither on the Post-hoc mPFC – right dlPFC 
functional connectivity analysis [F(1,36) = 0.06; p = 0.80] nor on the a priori mPFC - right 
amygdala functional connectivity analysis [F(1,36) = 1.63; p = 0.21]. Compared to healthy 
subjects, euthymic BP still exhibited higher mPFC – right dlPFC [F(1,36) = 29.27; p < 0.001] and 
mPFC – right amygdala [F(1,36) = 4.10; p = 0.05] functional connectivity. The Group by Gender 
interaction was not significant neither for mPFC – right dlPFC [F(1,36) = 0.01; p = 0.91] nor for 
mPFC - right amygdala [F(1,36) = 1.56; p = 0.22] functional connectivity. 
2. Correlation with clinical variables 
Additional correlations between mPFC-right dlPFC and mPFC–right amygdala functional 
connectivity of euthymic BP with other clinical variables (MADRS and YMRS scores; number of 
past manic, hypomanic and depressed episodes) are now mentioned in the supplementary Table 1 
(S1). None of them are significant. 
Supplementary Material
 2 
Table S1: Illustrates correlations between clinical and demographical characteristics of bipolar 
patients and both mPFC – right dlPFC and mPFC – right amygdala functional connectivity. 
Abbreviations: mPFC = medial prefrontal cortex; dlPFC = dorsolateral prefrontal cortex. 
 mPFC - dlPFC mPFC - amygdala 
 r p r p 
Montgomery and Asberg Depression Rating Scale (MADRS) -0.20 0.42 0.31 0.21 
Young Mania Rating Scale (YMRS) 0.03 0.89 0.13 0.61 
Past depressive episodes -0.13 0.63 0.04 0.90 
Past hypomanic episodes -0.33 0.25 -0.24 0.40 
Past manic episodes -0.20 0.42 -0.20 0.44 
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Chapitre 7 : Etude de la Réorganisation Cérébrale 
Structurelle Après Psychoéducation 
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Abstract 
Psychoeducation interventions have shown great promise in the management of bipolar disorder (BD) 
symptoms and relapses prevention. However, the action mechanisms, especially on prefrontal-limbic 
networks are not yet understood. This study aims at assessing microstructural fronto-limbic white 
matter (WM) changes after psychoeducation in patients with BD. 
Diffusion tensor imaging (DTI) based tractography was used to compare generalized fractional 
anisotropy (GFA) and mean diffusivity (MD) along the uncinate fasciculus in 12 healthy subjects (HS) 
and 24 euthymic patients with BD, who were randomly assigned to a three-month psychoeducation or 
support group program. We compared mean GFA and MD in each group before vs. after the 
psychoeducation or the support group. 
We found significantly decreased MD along the left uncinate fasciculus after psychoeducation, whereas 
no significant changes were observed in patients who followed the support group.    
Psychoeducation induced specific WM change within the uncinate fasciculus, which connect limbic and 
prefrontal regions. The positive effects of the psychoeducation may be underpinned by a structural 
reorganization of the brain, suggesting that psychoeducation may act by enhancing emotional 
regulations processes in patients with BD.   
 
Key-words: Bipolar disorder, Psychoeducation, Uncinate fasciculus, DTI, Tractography, Emotion 
regulation. 
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1. Introduction 
Bipolar disorder (BD) is a severe, chronic mood 
disorder characterized by acute depressive and 
manic episodes interleaved by intercritical periods 
(i.e., euthymic), as well as by emotional 
dysregulation and cognitive disturbances. This is a 
common disease, with a prevalence of at least 1% 
[1]. However, despite the importance of this disease 
in terms of public health and social costs, its 
treatment is often difficult. The recurrences of acute 
mood episodes are associated with socio-
professional disability, as well as poor evolution of 
disease with a the risk of developing addictive or 
anxious comorbidities and of suicide [2,3].  
Pharmacological treatments are often effective in 
symptoms management in most patients, but their 
effects are generally insufficient, especially on a 
functional level [4]. Consequently, alongside with 
pharmacological advances, psychosocial 
interventions that target patients’ adaptive 
processes have experienced a significant 
development in the last decades [5-7]. Among these 
therapeutic strategies, the psychoeducation has 
recently shown a particular interest in the 
management of BD [8-10]. The main purpose of 
psychoeducation is to reduce BD symptoms, which 
involves the reduction of the number of thymic 
relapses. To this end, three main objectives are 
pursued in psychoeducation programs: (i) the 
optimization of drug therapy through better 
compliance; (ii) the prevention of relapses through 
better detection of prodromal symptoms; (iii) the 
improvement of patients’ quality of life on personal, 
family, professional and interpersonal level. Positive 
effects of the psychoeducation on treatment 
adherence, relapse prevention and global 
functioning are significant and long lasting [10-15]. 
Consequently, the psychoeducation is now 
positioned as an essential part of therapeutic care of 
BD without having yet identified precisely how it 
works, particularly on cerebral level.  
BD has been widely characterized by anatomical 
and functional abnormalities within brain regions 
underlying emotional processes. Specifically, recent 
models of BD suggest abnormal connectivity 
between prefrontal regions responsible for 
cognitive control and ventral limbic regions 
responsible for emotional identification and 
generation [16,17]. The evidence for significant 
fronto-limbic dysconnectivity in BD has been 
highlighted by functional magnetic resonance 
imaging (fMRI) studies that investigated cerebral 
functional connectivity studies both at rest [18,19] 
and during emotional task [20,21]. In parallel, 
diffusion tensor imaging (DTI) studies reported 
anatomical changes in BD as compared to healthy 
subjects (HS) in white matter (WM) tracts linking 
regions involved in emotion processing, including 
frontal, striatal, thalamic and limbic regions [22]. 
Two measures are commonly used to reflect WM 
microstructure: the fractional anisotropy (FA) and 
the mean diffusivity (MD), also known as the 
apparent diffusion coefficient (ADC). FA is a 
quantitative index that reflects the integrity and 
coherence of the WM [23]. Lower FA can indicate 
structural disorganization of WM bundles as well as 
loss of myelination or variation in membrane 
permeability to water [24]. MD is defined as the 
average of the principal diffusivities in three 
directions. MD often increase when myelin is 
damage or failed to develop normally [25,26]. In BD, 
meta-analyses of voxel-based DTI studies reported 
decreased FA in BD patients compared to HS in WM 
tracts close to the parahippocampal gyrus and the 
subgenual cingulate cortex [27], as well as near to 
the temporo-parietal junction and near the 
posterior and anterior cingulate cortex [28]. Despite 
several advantages of the tractography, few studies 
used this technique to explore WM particularities in 
patients with BD. Indeed, tractography allowed the 
investigation of microstructural particularities in 
reconstructed tracts, which allows making 
assumptions based on the anatomy of the bundles. 
Among the few tractography studies conducted in 
BD, damages of the uncinate fasciculus, a WM tract 
linking the amygdalo-hippocampic complex to 
ventromedial and ventrolateral prefrontal areas, 
have robustly been shown in patients with BD [29-
32]. 
To the best of our knowledge, no study have 
investigated WM plasticity in patients with BD after 
a psychotherapeutic intervention, while dynamic 
changes in WM organization was highlighted after 
various trainings in HS, such as meditation [33], 
visuo-spatial (i.e., juggling) [34] or working-memory 
[35]. In a previous fMRI study, we showed 
neurofunctional changes in BD patients before vs. 
after a three-month psychoeducation program [36]. 
Specifically, before psychoeducation, BD patients 
presented hypoactivity in the ventrolateral 
prefrontal cortex and hyperactivity in the 
hippocampus as compared to HS, which were 
attenuated after psychoeducation. We suggested 
that clinical improvement observed after the 
psychoeducation might have be driven by the 
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improvement of the cognitive (frontal) control on 
emotional (limbic) reactivity. In the present study, 
we assume that psychoeducation modulates 
anatomical fronto-limbic connectivity, which would 
be underpinned by increase GFA and decrease MD 
in the uncinated fasciculus. We therefore performed 
a randomized controlled trial psychoeducation vs. 
non-structured support group.  
2. Methods 
2.1. Participants 
Twenty-eight euthymic patients with BD were 
initially scanned. Three BD patients withdraw from 
the study and the DTI data from another BD patient 
failed to be processed correctly.  Consequently, a 
total of 24 euthymic patients with BD, who were 
randomly assigned in the psychoeducation group 
(PED) (mean of age ± SD: 44.42 ± 8.35 years, 8 
females) or in the support group (SUP) (mean of 
age: 46.00 ± 10.48 years, 4 females), were included 
in the analyses. Twelve additional HS were included 
to form the control group (CTL) (mean of age: 43.58 
± 11.18 years, 8 females) for initial between-group 
comparison. Ten and 10 HS had participated in a 
previous resting-state study [19] with different 
aims. All participants were right-handed and were 
at least high school graduates. Mood symptoms 
were evaluated on the day of the scan using 
Montgomery and Asberg Depression Rating Scale 
(MADRS) [37,38] and Young Mania Rating Scale 
(YMRS) [39,40]. Patients were included in the study 
if they reported having been euthymic for at least 
one month prior to scanning and if they had an 
MADRS score < 15 and an YMRS score < 7. All 
patients were diagnosed for bipolar disorder (BD) 
by an experienced psychiatrist according to DSM IV 
criteria for BD and confirmed by using the French 
version of the Structured Clinical Interview (SCID) 
for DSM IV (demographic data are summarized in 
Table 1).  
For all participants exclusion criteria included: 
history of alcohol or drug abuse; current or past 
neurological and/or medical diseases affecting 
cognition; history of head trauma with loss of 
consciousness; contraindication for MRI. Additional 
exclusion criteria were (i) for BD patients: any other 
current Axis I psychiatric disorder and 
sismotherapy during the 12 last months; (ii) for HS: 
past or present psychiatric disorder and first degree 
family history of psychiatric disorders. HS were 
selected and included in the study after an interview 
with a psychiatrist (PI), and according to the SCID. 
After complete description of the study was given to 
the subjects, written informed consents were 
obtained. The study was approved by the local 
University Hospital Ethic Committee (n° AU 
898/2011) and is registered on clinicaltrials.gov 
(NCT01821469).  
2.2. Clinical examination 
Mood symptoms (MADRS and YMRS) and global 
functioning (French version of the Global 
Assessment of Functioning Scale - GAF), [41], were 
assessed for each patients before (t1) and after (t2) 
a three-month of psychoeducation or support group 
programs (scores are summarized in Table 2).  
2.3. Psychoeducation and support programs 
The psychoeducation program was conducted in the 
same manner as in our previous study [36]. It  aims 
at (i) helping patients to better understand the 
disease; (ii) teaching patients to early recognize and 
interpret their symptoms in order to prevent 
relapse of pathological mood; (iii) providing 
information about the role of pharmacological 
treatment to improve compliance; (iv) providing 
techniques for stress and symptoms management in 
the everyday life. In the current program, patients 
with BD were included into a three-month 
psychoeducation with a weekly session. The 
program included 12 sessions in total (program 
“FondaMental Campus” provided by FondaMental 
foundation within the network of FACE-BD). 
Sessions were conducted by a couple of trained 
psychiatrist and psychologist. 
The support group also contained 12 sessions with 
one session per week and was organized by an 
association of BD patients in Grenoble. This group 
was organized informally, participants were free to 
express themselves and the discussions were 
animated by other patients. 
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Table 1. Demographic and clinical characteristics of bipolar patients and healthy subjects. 
 
Psychoed. 
group (PED) 
N = 12 
Support 
group (SUP) 
N = 12 
Control group 
(CTL) 
N = 12 
difference 
between 
variables (df) 
P 
value 
Age  44.42 (8.35) 46.00 (10.48)  43.58 (11.18) 0.19 (2, 33) 0.83 
Sex (% women)a 66.67 % 33.33 % 66.67 % 1.83 (2, 33) 0.18 
BD type a      
Type I 33.33 % 27.27 % - 0.14 (1) 0.70 
Type II 41.67 % 45.45 % - 0.09 (1) 0.76 
Other 17.67 % 27.27 % - 0.20 (1) 0.65 
Age of the illness onset 28.50 (8.85) 28.30 (7.96) - 0.05 (20) 0.96 
Duration of the illness 16.92 (11.16) 18.60 (10.67) - 0.36 (20) 0.72 
Past depressive episodes 4.29 (3.73) 6.63 (7.09) - 0.78 (13) 0.44 
Past manic episodes 1.57 (1.51) 1.71 (2.98) - 0.11 (12) 0.91 
Past hypomanic episodes  4.33 (3.39) 3.13 (3.98) - 0.60 (12) 0.56 
Positive history of 
psychotic episodes a 
41.67 (51.49)  45.45 (52.22) - 0.17 (21) 0.86 
Use of medication a      
Without  16.67 % 18.18 % - 0.00 (1) 1.00 
Lithium 58.33 % 36.36 % - 0.82 (1) 0.37 
Anticonvulsants 41.67 % 27.27 % - 0.50 (1) 0.48 
Antidepressant 16.67 % 27.27 % - 0.20 (1) 0.65 
Antipsychotic  8.33 % 9.09 % - 0.00 (1) 1.00 
Note: a Categorical variables calculated as number (percentage) of patients. Percentages have been round and may not 
total. BD: Bipolar disorder. 
2.4. Image acquisition 
MR images were acquired on a whole-body 3T MR 
scanner (Achieva 3.0 TX Philips, Grenoble MRI 
facility IRMaGE). Diffusion tensor imaging (DTI) 
data were acquired using a 30-directions sequence 
(TR = 10.8 s; TE = 100 ms; 45 contiguous, 3 mm 
thick axial slices; field of view = 216 x 216 mm; 
matrix size = 72 x 72). Thirty diffusion weighted 
(DW) images (b value = 1400 s/mm2) and one 
image with no diffusion sensitization (b=0) were 
acquired. A T1-weighted high-resolution three-
dimensional anatomical volume was also acquired 
for each subject by using a turbo field echo (TFE) 
sequence (field of view= 224 × 256 × 176 mm; 
resolution: 0.8 × 0.8 × 0.8 mm; acquisition matrix: 
280 × 320 × 220 pixels). 
2.5. DTI data analyses 
We used freely available software to process DW 
and T1-weighted (Connectomist 2.0 and BrainVISA 
4.2; http://www.brainvisa.info) MRI data. The DW 
images were corrected for eddy currents and 
noise/spikes with q-space interpolation correction. 
We then evaluated the diffusion tensor on a voxel by 
voxel basis. We evaluated the generalized FA (GFA) 
and mean diffusivity (MD) from all the computed 
orientation distribution functions [42].  
2.5.1. Whole-brain tractography 
The definition of the 3-dimensional space within 
which the fibers are tracked is necessary for 
tractography algorithms. To compute a robust mask, 
we used a T1-based propagation tractography mask 
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determined with a published method [43-45]. For 
this approach, such a mask is driven by the T1-
weighted anatomic data. The propagation mask thus 
includes the entire brain tissue (rather than regions 
with high FA) and excludes specific areas, such as 
the sulci skeleton, to prevent the creation of 
implausible fibers. The mask in T1-weighted space 
is then registered to the DW data by a linear rigid 
transformation. 
We performed whole-brain tractography in native 
space for each participant using a regularized, 
streamlined, deterministic algorithm (1 seed per 
voxel; forward step, 0.5 mm; bilateral propagation) 
[46], which allows for the reconstruction of WM 
tracts using a step-by-step approach following the 
multidirectional diffusion orientation [47]. 
Algorithm propagation was interrupted if the tract 
length exceeded 300 mm, if the tract streamline 
propagated outside the mask, or if the curvature 
between 2 steps exceeded 30°. No between-subject 
registration was performed. 
2.5.2. Clustering-based segmentation 
To reconstruct WM tracts, whole-brain tractography 
volumes were then segmented using an automatic 
segmentation pipeline based on a clustering 
technique relying on the definition of a pairwise 
distance between fibers and described in depth 
elsewhere [44,45]. This method allows for an 
automatized reconstruction and segmentation of 
anatomic WM tracts [see 48 for the description of 
each step]. The process leads to a segmentation of 
the tractography data sets into 22 known deep WM 
bundles, allowing a whole-brain exploration of WM 
connectivity. Based on our hypothesis, we focused 
our analyses (GFA and MD) on the uncinate 
fasciculus only. In this report, the terms bundles or 
tracts synonymously refer to reconstructed deep 
WM tracts. 
2.6. Statistical analysis 
We compared age and gender between CTL, PED 
and SUP groups with 3-way ANOVAs and 
demographic data between PED and SUP groups 
with 2-sample t tests for continuous variables and 
χ² for categorical variables. We assessed the 
evolution of mood symptoms (MADRS and YMRS) 
and global functioning (GAF) after psychoeducation 
or support group with 2-sample t tests (t1 vs. t2).  
We used general linear models (ANOVAs) in 
separate analyses to compare the mean GFA and the 
mean MD along right and left uncinate fasciculus 
between (1) PED before vs. after psychoeducation; 
(2) SUP before vs. after support group (3) CTL vs. 
BD at t1. In the first and second model, the 
evaluation time (t1 vs. t2) was included as factor of 
interest and MADRS and YMRS scores difference 
between t1 and t2 were included as confounding 
covariate to control that observed differences in 
GFA and or MD were not driven by symptomatic 
improvement.  
Table 2. Clinical scores before (t1) and after (t2) psychoeducation program or support group. 
 
Psychoeducation group (PED) 
N = 12 
 
Support group (SUP) 
N = 12 
 t1 t2 t (df) 
P 
value 
xxxx       t1 t2 t (df) 
P 
value 
MADRS 7.08 (4.83) 4.75 (3.96) 
2.23 
(11) 
0.048  
10.00 
(8.87) 
12.58 (9.50) 
-0.98 
(11) 
0.34 
YMRS 3.00 (3.33) 2.67 (3.63) 0.34 (11) 0.74  2.58 (3.23) 3.17 (4.45) 
-0.36 
(11) 
0.72 
GAF 
69.58 
(8.65) 
79.25 
(5.99) 
-5.04 
(11) 
<0.001  
65.80 
(9.95) 
70.60 (7.62) -1.34 (9) 0.21 
Note: Data are reported as mean (SD).  
Abbreviations: BD: Bipolar Disorder; MADRS: Montgomery-Asberg Depression Rating Scale; YMRS: Young Mania Rating 
Scale; GAF: Global Assessment of Functioning Scale (French version). 
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Table 3. Comparison of mean GFA and MD between bipolar patients and healthy subjects at t1 and before (t1) versus 
after psychoeducation (t2) program and support group. 
 Between-group: t1  Within-group: PED  Within-group: SUP 
 
BP CTL F(df) 
P 
value 
partial 
Ƞ2 
 
t1 t2 F(df) 
P 
value 
partial 
Ƞ2 
 
t1 t2 F(df) 
P 
value 
partial 
Ƞ2 
Left uncinate 
GFAa 8.99 
(0.92) 
8.65 
(0.66) 
0.63  
(1,33) 
0.43 0.02  8.96 
(1.00) 
9.66 
(1.38) 
2.83  
(1,9) 
0.13 0.24  9.00 
(0.87) 
9.14 
(0.96) 
0.41  
(1,9) 
0.54 0.05 
MDb 9.18 
(0.63) 
9.31 
(0.58) 
0.10  
(1,33) 
0.76 0.00  9.24 
(0.49) 
8.98 
(0.58) 
6.52  
(1,9) 
0.03 0.42  9.12 
(0.77) 
9.28 
(0.63) 
0.09  
(1,9) 
0.77 0.01 
Right uncinate 
GFAa 9.00 
(0.91) 
8.74 
(0.72) 
0.31  
(1,33) 
0.58 0.01  8.95 
(0.09) 
9.23 
(1.02) 
0.63  
(1,9) 
0.45 0.07  9.06 
(0.93) 
9.03 
(0.85) 
0.01  
(1,9) 
0.92 0.00 
MDb 9.32 
(0.56) 
9.33 
(0.39) 
0.00  
(1,33) 
0.97 0.00  9.39 
(0.54) 
9.24 
(0.56) 
0.43  
(1,9) 
0.53 0.05  9.25 
(0.93) 
9.43 
(0.83) 
0.27  
(1,9) 
0.61 0.03 
Notes: a Values were multiplied by 102 to improve readability; b Values were multiplied by 1010 to improve readability. 
Abbreviations: BP: Bipolar Patients; CTL: Control group; PED: Psychoeducation group; SUP: Support group; df: degrees 
of freedom; GFA: generalized fractional anisotropy; MD: Mean Diffusivity. 
In the third model, the diagnosis (BD vs. CTL) was 
included as factor of interest, sex as confounding 
factor and age as confounding factor. The 
application conditions (i.e., assumption of normality 
as well as homogeneity of variances for between 
group analyses) were verified before completing 
each test. Statistical test results were considered 
significant if P values were less than 0.05. All 
statistical analyses were performed using Statistica 
software (Statistica 10, Statsoft Inc.).    
3. Results 
3.1. Clinical evolution 
BD patients experienced a significant decrease 
depression levels and a significant increase in global 
functioning after the psychoeducation. No 
significant clinical changes were observed in BD 
patients before vs. after the SUP group (Table 2).   
3.2. DTI results 
Patients of the PED group had significantly reduced 
MD along the left uncinate fasciculus after the 
psychoeducation program [F(1,9) = 6.52; P = 0.03; 
partial Ƞ2 = 0.42] whereas patients of the SUP group 
did not [F(1,9) = 0.09; P = 0.77; partial Ƞ2 = 0.01].  
No change was observed in GFA of both right and 
left uncinate fasciculus and in both PED and SUP 
groups (Table 3, Figure 1).  
There were no significant differences between BD 
and CTL at t1 either on GFA or on MD within both 
right and left uncinate fasciculus.  
All results survived after removing potential outliers 
(defined as value > 2*SD).  
4. Discussion     
Using DTI based tractography and automatic WM 
segmentation, this longitudinal DTI study examined 
microstructural changes in the main fronto-limbic 
bundle, namely the uncinate fasciculus  in BD 
patients before (t1) vs. after (t2) a three-month of 
psychoeducation or support group program. Two 
parameters of WM diffusion were measured: the 
GFA and the MD. DTI results revealed significant 
decrease MD along the left uncinate fasciculus in BD 
patients after psychoeducation, whereas no 
significant change was observed in BD patients after 
the support group.  
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Figure 1. Mean diffusivity along the left uncinate fasciculus in bipolar patients before (t1) and after (t2) 
psychoeducation (PED) or support group (SUP). Crossbars represent the mean and error bars the standard 
deviation. Top right: illustration of the reconstruction of the left uncinate fasciculus fibers projected on the T1 image of 
a single subject. * P < 0.05. 
To our knowledge, this is one the first studies that 
investigated WM plasticity in patients with BD 
induced by a psychosocial intervention. 
In the current study, we showed a decrease of the 
MD within the left uncinate fasciculus after the 
psychoeducation but not after the non-specific 
support group. This suggests beneficial effects of 
psychoeducation on fronto-limbic tracts. Previous 
studies of the impact of training on WM 
organization in HS found increase FA after training 
and associate this change to cerebral reorganization 
or increased myelination [33-35]. Because higher 
levels of MD are associate with poorer diffusivity 
and myelin damages, a possible explanation for the 
observed MD change is increased myelination after 
psychoeducation [49].     
In addition, the change in the left uncinate fasciculus 
diffusivity is consistent with results of our previous 
fMRI study in which, in a different sample of BD 
patients, we demonstrated decreased activity in the 
hippocampus and increased activity within the 
inferior frontal gyrus after the psychoeducation 
when processing a  word-face emotional Stroop 
task. Our main assumption was that the 
psychoeducation may help patients with BD to 
better manage their emotional states. Indeed, 
emotional dysregulation is a core feature of BD [17]. 
Neuropsychological studies highlighted emotional 
blunting in patients with BD, even during euthymic 
periods of the illness [50]. Consequently, an altered 
emotion regulation may result in emotional 
hyperreactivity and precipitates acute mood 
symptoms [51]. Physiologically, these behavioral 
troubles in patients with BD have been attributed to 
abnormal activity, connectivity and morphology in 
frontal and limbic regions, responsible for 
emotional control and generation respectively 
[16,17]. The main hypothesis is that BD symptoms 
may be subtended by the inability of prefrontal 
areas to modulate the amygdala hyperreactivity 
because of abnormal prefronto-limbic connectivity 
in BD patients. Our results suggest that the content 
of the psychoeducation program may help patients 
to better manage their disorder by the improvement 
of cognitive control over emotion through a better 
Chapitre 7 – Etude 4 
- 8 - 
 
prefronto-limbic anatomical connectivity. Indeed, in 
psychoeducation programs, patients with BD are 
taught to identify consciously their symptoms and 
to adopt coping strategies focused on problem 
solving and social support seeking rather than 
emotional avoidance. Future studies examining 
functional and/or effective connectivity between 
prefrontal and limbic regions before vs. after 
psychoeducation may help to elucidate whether 
psychoeducation can lead to the improvement of 
top-down emotional control. 
In the between-group comparisons before the 
programs, we did not show structural difference of 
the uncinate fasciculus between BD patients and HS 
neither on GFA nor on MD. One possibility is that we 
did not have sufficient power to detect such effects. 
However, this results is in agreement with the 
findings of Sarrazin et al [48], who did not show 
difference on GFA along the uncinate fasciculus 
between HS and type I BD, even with a very large 
sample of participants.  
Regarding clinical results, we showed lower 
depression levels and higher global functioning in 
patients of the PED group but not in patients of the 
SUP group. This highlights the beneficial and 
specific effect of the psychoeducation on both 
residual symptoms and functional recovery. 
Moreover, our DTI results were not driven by the 
decrease of depression symptoms as we control that 
in statistical analyses.      
Some limitations have to be mentioned. First, as 
mentioned previously, the limited number of 
patients in the psychoeducation and support groups 
limited the sample size of our study. Therefore, the 
generalization of our results may be compromised. 
However, longitudinal designs increase the 
statistical power of studies by removing the inter-
individual variability. Second, the BD patients were 
scanned directly at the end of psychoeducation. It 
would be interesting to assess if the effects are long-
lasting and whether other effects appear in longer 
term.  
This first longitudinal DTI study aims at 
investigating microstructural WM changes in 
patients with BD before and after a psychosocial 
intervention. We formed two groups of patients 
with BD: one followed a three-month 
psychoeducation program and the other a non-
structured support group. We showed that only BD 
patients who followed the psychoeducation present 
a decrease in MD along the left uncinate fasciculus. 
This result highlights changes of the brain structural 
organization after a structured intervention, such as 
psychoeducation, which may be caused by the 
improvement of emotional regulation after the 
psychoeducation. Future studies are warranted to 
assess long-term effect of psychoeducation on 
cerebral organization.  
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Abstract 
Background: Recently, psychosocial interventions such as psychoeducation have shown great promise in 
the management of bipolar disorders. The development of neuroimaging methods may help to better 
indicate that therapeutic care. This study aimed to identify neuroanatomical predictors of 
psychoeducation outcome in bipolar patients (BP).  
Methods: Sixteen euthymic BP and 16 matched healthy controls (HC) were scanned with MRI before 
psychoeducation. Voxel-Based Morphometry (VBM) was used to measure grey matter (GM) volume and 
Diffusion Tensor Imaging (DTI) to assess white matter (WM) diffusivity. Subsequently, BP only followed a 
3-months psychoeducation program. The difference in clinical scores before and after psychoeducation 
provided an indication of the therapy immediate outcome.  
Results: Before psychoeducation, VBM showed decreased GM volume of the right dorsolateral prefrontal 
cortex and left putamen and increased GM volume of the orbital part of the right inferior frontal gyrus 
(IFG) in BP compared to HC. DTI showed reduced fractional anisotropy (FA) in BP compared to HC in the 
corpus callosum in whole-brain analysis and in bilateral uncinate fasciculus (UF) in the ROI analysis. 
Furthermore, the volume of the right IFG and the FA of the UF significantly predicted the improvement of 
anxiety and coping strategies scores after the psychoeducation.  
Conclusions: Our results suggest that the benefit of psychoeducation is all the more important if the 
structural abnormalities are low. Thus, psychoeducation should be carried out earlier in the course of the 
disease in order to obtain the maximal benefit, for functional recovery in particular. 
Key words: bipolar disorders, psychoeducation, inferior frontal gyrus, uncinate fasciculus, voxel-based 
morphometry, diffusion tensor imaging  
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1. Background 
Bipolar Disorder (BD) is a severe mood disorder 
characterized by alternation of manic (euphoric) and 
depressive episodes that could be interspersed with 
stabilization periods (euthymic), without acute 
symptoms. Early diagnosis and appropriate 
management constitute a major challenge for the 
outcome of BD.  
Recent neurobiological models point out fronto-
limbic abnormalities that could be responsible for 
emotional dysregulation and executive deficits in 
bipolar patients (BP) (1, 2). By using magnetic 
resonance imaging (MRI) various structural 
alterations of both grey matter (GM) and white matter 
(WM) have been reported in BP. At the GM level, 
structural neuroimaging meta-analyses in BP have 
reported reduction of GM  in anterior cingulate cortex 
(ACC), insula and inferior frontal gyrus (IFG), that 
appear to be consistently associated with cognitive 
and emotional difficulties observed in BP (3-6). 
However, none of these meta-analyses reported 
regions with higher GM volume in BP in comparison 
to HC, whereas some isolated studies did (e.g., 7, 8-
11). These inconsistencies could be due to the 
methodological differences and/or sample 
heterogeneity. At the WM level, diffusion tensor 
imaging (DTI) studies highlighted various 
microstructural abnormalities of WM tracts in BP 
such as fractional anisotropy (FA) reduction in BP in 
comparison to HC, in frontal WM tracts (12, 13), 
anterior cingulum (14, 15) and corpus callosum (16, 
17). More interestingly, structural particularities of 
the uncinate fasciculus (UF), which connects brain 
regions involved in the cognitive control, such as 
medial prefrontal regions, and regions involved in the 
generation and perception of emotions, such as the 
amygdalo-hippocampal complex, have been revealed 
(18-20). The thymic states observed in BP illness, 
characterized by dysregulation of emotional 
responses and affects, could therefore be 
underpinned by disturbances along fronto-limbic 
networks (21). 
Currently, treatment of BD is mainly based on 
pharmacological care. Despite their relative 
effectiveness in the majority of patients, 
pharmacological treatments are insufficient on a 
clinical functional level , as well as on residual 
depressive, dysthymic and dysphoric symptoms (22, 
23). Consequently, psychosocial interventions have 
recently undergone great development (24-27). 
Among various therapeutic approaches, clinicians, 
therapists and researchers have recently shown a 
particular interest in psychoeducation for BD 
treatment (28-30). The aim of this approach is to 
teach patients to better manage BD symptoms in the 
everyday life, to improve coping strategies and to 
optimize compliance with pharmacological treatment 
in order to prevent thymic relapses and improve 
functioning (31, 32). The positive outcomes of 
psychoeducation in BD have been observed rapidly 
and are long lasting (i.e., five years), particularly in 
terms of risk, duration and severity of relapses (28, 
29, 33). Despite significant improvement of clinical 
symptoms, the behavioral and neural mechanisms 
associated with psychoeducation are not completely 
understood (34).  
In a previous study (30), we showed that the 
neurofunctional impairment in BP, i.e., hypoactivation 
of the IFG and hyperactivation of the hippocampus 
(HIP), were attenuated after a 3-month 
psychoeducation program. Based on our results, we 
suggested that the psychoeducation could help 
patients to manage better their thymic symptoms by 
reinforcement of the cognitive control on the 
emotional state. Indeed, a recent study performed in 
unipolar depressive patients, suggested that the 
beneficial effect of the psychotherapeutic care, could 
be explained by its “top-down” effect, whereas 
pharmacological treatment mechanisms would rather 
act “bottom-up” (35). Consequently, impairment in 
the GM volume of frontal regions responsible for 
cognitive control, as well as abnormal connection 
between frontal regions and limbic regions 
responsible for emotion generation, could alter the 
“top-down” effect of psychotherapeutic intervention. 
In the current study we aim to evaluate whether the 
magnitude of structural abnormalities of both GM 
volume and WM diffusivity observed in BP may 
represent a predictive factor for psychoeducation 
outcome. We assume (i) decreased GM volume in 
frontal areas and decreased FA in uncinate fasciculus 
in BP compared to HC before the psychoeducation 
and (ii) that neuroanatomical abnormalities in BP 
would predict the psychoeducation outcome. 
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2. Methods 
Participants and Clinical examination  
Sixteen bipolar patients (BP) (mean age ± SD: 40.4 
± 11.8 years, nine females) and 16 healthy controls 
(HC) matched on age and gender (mean age 40 ± 12.5 
years, nine females) were included in the study. All 
participants were at least high school graduate. BP 
were right-handed and four HC were left-handed. BP 
were diagnosed for bipolar disorder (BD) by an 
experienced psychiatrist according to DSM IV criteria 
for BD and confirmed by using the French version of 
the Structured Clinical Interview (SCID) for DSM IV 
(36). They were all in euthymic state at the time of 
inclusion according to the Montgomery and Asberg 
Depression Rating Scale (MADRS) (37, 38) and the 
Young Mania Rating Scale (YMRS) (39, 40). Eleven BD 
patients were diagnosed with BD type I and five with 
BD type II. The mean age of illness onset was 26.4 ± 
9.3 years and the mean duration of the illness was 
13.9 ± 6.8 years. One patient was medication-free and 
the others received different combinations of drugs 
including lithium (56.25%), anticonvulsants (62.5%), 
antidepressants (50%) and atypical antipsychotic 
agents (6.25%). Furthermore, medication was 
maintained constant during the two phases of the 
study. For all of participants exclusion criteria 
included: history of alcohol or drug abuse; current or 
past neurological and/or medical diseases affecting 
cognition; history of head trauma with loss of 
consciousness; metal implants. Additional exclusion 
criteria were (i) for BP, any current other Axis I 
psychiatric disorder; (ii) for HC, past or present 
psychiatric disorder and family history of psychiatric 
disorders, as well as any medical treatment affecting 
cerebral activity. This study has been approved by the 
local University Hospital Ethic Committee (n° AU 
898/2011) and each participant gave written 
informed consent.  
In total, 16 BP were scanned with MRI and DTI 
before the psychoeducation (t1). Two patients did not 
complete the 3-month psychoeducation program 
(personal schedule problem) and thus did not 
complete the clinical evaluation after the 
psychoeducation (t2). Additionally, clinical data from 
one BP were not recorded correctly. Sixteen matched 
HC were also examined at t1 with MRI and 15 with 
DTI because of a technical problem at the time of DTI 
acquisition for one HC. 
For each BP included in the study, the clinical 
assessment was carried out before (t1) and after (t2) 
the psychoeducation as mentioned in our previous 
fMRI study (30). In the current study, we chose to 
focus on dimensional characteristics of BP which have 
been improved after the psychoeducation (30) and 
suspected to be modulated by increase cognitive 
control. It comprised the assessment of state and trait 
anxiety (STAI-A and STAI-B, respectively) (41) and of 
the coping strategies, which could be divided into 
three subtypes: problem resolution, emotion 
reduction and social support seeking (Way of Coping 
Checklist, WCC) (42). Clinical scores are summarized 
in Table 1. 
Table 1. Clinical scores before (t1) and after (t2) the 
psychoeducation in 13 bipolar patients.  
Scale t1 t2 
 M (SD) M (SD) 
Montgomery and Asberg Depression 
Rating Scale (MADRS) 
10.31 
(9.05) 
4.00 
(5.42) 
Young Mania Rating Scale (YMRS) 
2.23 
(2.24) 
1.61 
(1.76) 
State Trait Anxiety Inventory (state - 
STAI-A) 
38.54 
(16.84) 
31.92 
(11.03) 
State Trait Anxiety Inventory (trait - 
STAI-B) 
49.08 
(18.26) 
37.15 
(9.91) 
Way of Coping Checklist (WCC): Problem 
25.31 
(7.74) 
30.00 
(4.53) 
Way of Coping Checklist (WCC): Emotion 
23.38 
(4.94) 
20.62 
(3.31) 
Way of Coping Checklist (WCC): Social 
support 22.92 
(1.93) 
24.85 
(2.03) 
Psychoeducation program 
The psychoeducation program was conducted in 
the same manner as in our previous study (30). In the 
current program, BP were included into a 3-month 
psychoeducation with 12 weekly sessions (program 
“FondaMental Campus” provided by FondaMental 
foundation within the network of FACE-BD). Sessions 
were conducted by a couple of trained psychiatrist 
and psychologist. 
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Data acquisition 
Participants were scanned on a whole-body 3T MR 
scanner (Bruker MedSpec S300 – Grenoble MRI 
facility IRMaGE). T1-weighted high-resolution 
structural images were acquired using a 3D Modified 
Driven Equilibrium Fourier Transform (MDEFT) 
sequence (field of view = 224 x 256 x 220 mm; 
resolution: 0.8 x 0.8 x 1 mm; acquisition matrix: 280 x 
320 x 220 pixels; reconstruction matrix: 280 x 512 x 
220 pixels).  Diffusion tensor imaging (DTI) data were 
acquired using a 30-directions sequence (TR = 10.8 s; 
TE = 100 ms; 45 contiguous, 3 mm thick axial slices; 
field of view = 216 x 216 mm; matrix size = 72 x 72). 
Ninety five diffusion-weight images (DWIs) were 
acquired per subjects: five with no diffusion 
sensitization (i.e., T2-weighted b0 images) and 30 non-
collinear DWIs (b = 600, 1000, 1400 s/mm2). Only 
DWIs with b value = 1000 s/mm2 were used in later 
analyses.  
VBM analysis of grey matter 
The 3D T1-weight structural images were 
processed with Statistical Parametric Mapping 
software (SPM8, Welcome Department of Imaging 
Neuroscience, Institute of Neurology, London, UK) 
running on Matlab 7.9 (R2009b) (Mathworks, Natick, 
MA, USA). Preprocessing steps are described in 
supplemental material. To perform the statistical 
analysis of VBM data, general linear models (GLM) 
through pre-processed GM images were set-up. Two-
sample t-tests were used to compare whole-brain GM 
volume from BP and HC groups. As we expected 
confounding effects of the age and the gender of the 
participants on GM volume, these factors were added 
as covariate of no-interest in all statistical analyses. 
All GLMs were also corrected for the total intracranial 
volume (TIV) of the participant by using proportional 
scaling. An absolute threshold masking of 0.2 was 
used to exclude voxels with a low GM volume. Whole-
brain voxel-wise group comparisons were performed 
using a cluster extent thresholded correction. The 
cluster extent thresholded correction was calculated 
at 190 voxels at p < 0.001 whole-brain uncorrected, 
which corrected for multiple comparisons at p < 0.05 
assuming an individual voxel Type I error of p = 0.01 
(43, 44). Given our a priori hypothesis that particular 
regions would be affected in BP, groups were also 
compared using small volume correction (SVC) to the 
GLM targeting fronto-limbic regions as mentioned in 
the introduction. To define these regions, the AAL 
atlas (45) in the WFU PickAtlas toolbox (46) was used. 
A family-wise error (FWE) correction threshold of p < 
0.05 within the SVC was used to determinate 
significant results from these tests.  
TBSS analysis of white matter 
The diffusion weight images (DWI) were 
preprocessed using the FSL software package (FMRIB 
Analysis Group, 2012, Oxford, UK) with standard 
parameters (see supplemental material for details). 
Voxelwise white matter (WM) statistical analysis was 
performed by using a permutation based inference 
tool for non-parametric statistical thresholding 
(Randomize program in FSL). Comparison of FA 
between groups was tested by adjusting for age and 
gender as in the VBM analysis. The number of 
permutations was set to 5000. The resulting maps 
were thresholded at p < 0.05 corrected for multiple 
comparisons using threshold-free cluster 
enhancement (TFCE) (47). The anatomic location of 
significant cluster was detected by using the John 
Hopkins University (JHU) WM tractography atlas. As 
we had specific hypotheses, we performed an 
additional ROI analysis based on bilateral UF. These 
ROIs were defined by calculating the overlap between 
the groups’ mean FA skeleton and bilateral UF taken 
from NatBrainLab atlas (www.natbrainlab.com). ROIs 
average FA values between groups were compared 
using multivariate analysis of variance (MANOVA) 
controlling for age and gender effects. If a significant 
overall effect was observed on the MANOVA, we used 
analysis of variance (ANOVA) to assess group effect 
on right and left UF separately. 
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Table 2. Grey matter volume differences in bipolar patients compared to healthy controls as revealed by the whole-brain 
voxel-based morphometry analysis.  
Group comparison Anatomic region AAL-label H x y z t k p 
HC > BP Middle frontal gyrus F2 R 31 26 28 4.70 271 <0.001* 
 Lenticular nucleus, putamen PUT L -20 3 -10 3.80 452 <0.001* 
 Middle occipital gyrus O2 R 26 -77 21 4.52 422 <0.001 
BP > HC 
Inferior frontal gyrus, triangular 
part 
F3T R 44 35 -1 4.88 199 <0.001* 
 Lingual gyrus LING L -13 -82 -8 4.20 217 <0.001 
BP = Bipolar Patients; HC = Healthy Controls; x, y, z = MNI coordinates. *p-value FWE corrected < 0.05 after small volume 
correction. 
Multiple regression analyses between anatomical 
measures at t1 and clinical scores differences before 
vs. after psychoeducation 
Multiple linear regression analyses were 
performed to determine whether anatomical 
particularities of GM and WM in BP predict clinical 
improvement after the psychoeducation. The 
difference in clinical scores between t1 and t2 was 
used as dependent variable in separate multiple 
regression analyses. Parameter estimates extract 
from SVC regions of interest in the VBM analysis and 
FA values extract from the UF in TBSS analysis were 
used as predictor variables as well as age, gender and 
TIV (for VBM analysis) to control their confounding 
effects.  
3. Results 
VBM analysis of grey matter 
Compared to HC, BP showed reduction of the GM 
volume in the right middle frontal gyrus, left putamen 
and right superior occipital gyrus (whole brain cluster 
extent threshold corrected) before the 
psychoeducation (voxelwise p < 0.001 uncorrected, k 
> 190). This difference was also apparent using SVC 
analyses focused on either the right middle frontal 
gyrus or the left putamen (Table 1, Figure 1). 
Furthermore, increased GM volume in BP in the right 
IFG and left lingual gyrus was revealed by the cluster 
extent threshold analysis (voxelwise p < 0.001 
uncorrected, k > 190). The observed difference in the 
right IFG remained significant in the SVC analysis 
(Table 2, Figure 1).   
TBSS analysis of white matter 
Whole-brain analysis revealed significant decrease 
of FA in BP compared to HC in the genu, body and 
splenium of the corpus callosum before the 
psychoeducation (Figure 2A). The additional ROI 
analysis focused on bilateral UF revealed significant 
difference between groups [Wilk’s lambda = 0.72, F(2, 
26) = 4.87, p = 0.01]. Univariate analyses showed 
decrease FA values in BP compared to HC in right UF 
[F(1, 27) = 9.20, p = 0.005] and in left UF at a marginal 
level [F(1, 27) = 3.53, p = 0.07] (Figure 2B).    
Multiple regression analyses between anatomical 
measures at t1 and clinical improvement after 
psychoeducation 
GM volume of the right IFG was predictive of trait 
anxiety diminution (R² = 0.79, p = 0.008) and of 
decrease of coping strategies focused on emotion at a 
marginal level (R² = 0.42, p = 0.057). Moreover, FA 
values (i.e., diffusivity) of bilateral UF were also 
predictive of trait anxiety diminution (right: R² = -
0.60, p = 0.03; left: R² = -0.71, p = 0.009. FA value of 
the left UF was also predictive of increase coping 
strategies focused on problem solving (R² = 0.71, p = 
0.008). Other clinical scales did not correlate 
significantly with either GM volume abnormalities or 
FA values in the UF in BP (Table 3, Figure 3). 
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Figure 1. Results of grey matter VBM analysis. In comparison to HC, BP showed decreased GMV in right middle frontal 
gyrus and left Putamen, and increased GMV in right IFG (p < 0.05 FWE-corrected after small volume correction). Identified 
regions are projected onto 2D anatomical slice in axial and sagittal orientation, overlaid on the mean group grey matter 
image. BP = Bipolar Patients; GMV = Grey Matter Volume; IFG = Inferior Frontal Gyrus; HC = Healthy Controls. 
4.   Discussion 
In the current study, we examined GM and WM 
structural abnormalities in BP compared to HC and 
assessed whether these abnormalities could predict 
clinical improvement after a psychoeducation 
program. The main results could be summarized as 
following: (i) a smaller GM volume of the right IFG 
before psychoeducation predicts diminution of trait 
anxiety and diminution of coping strategies focused 
on emotion after psychoeducation; (ii) higher FA in 
bilateral UF before psychoeducation predicts 
diminution of trait anxiety after psychoeducation; (iii) 
higher FA in left UF before psychoeducation predicts 
improvement of coping strategies focused on problem 
after psychoeducation.     
Grey matter volume 
In regards to VBM analysis, BP showed reduction 
of GM volume in right DLPFC and left putamen. GM 
reduction in DLPFC has previously been reported in 
pediatric BP (48), and in both BD type I (10, 49) and 
BD type II (50, 51). These abnormalities were 
proposed to be consistently linked with cognitive, 
executive and attentional deficits in BP, as mentioned 
by several neuropsychological studies (52, 53). The 
decrease of GM volume of the left putamen in BP was 
less reported by previous studies but was supposed to 
be related to abnormal reward processing (54). 
Interestingly, we observed increased volume of GM of 
the right IFG (orbital part) in BP compared to HC. We 
speculate that BD patients need to “overexercise” the 
right IFG to compensate for DLPFC atrophy. This 
compensation could make up for cognitive deficits, 
help to maintain euthymia or sustain external 
emotional control (2). This result is quite inconsistent 
with previous ones except the study of Hajek et al. (7) 
who also reported larger volume of the right IFG in 
BP, their relatives, as well as in young BP. Indeed, the 
most common finding of meta-analyses of VBM 
studies in BP revealed decrease IFG volume (4-6). 
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Figure 2. Results of white matter TBSS 
analysis. Panel A: Whole-brain analysis 
revealed decrease FA in the corpus 
callosum in BP compared to HC (p < 0.05 
TFCE-corrected). Panel B: Multivariate a-
priori ROI analysis focused on bilateral UF 
revealed decreased FA in BP compared to 
HC in both right and left UF (p < 0.05). Bars 
represent the average FA value in both 
right and left UF. Error bars represent 
standard deviation. Identified tracts (Panel 
A) and the tract of interest (Panel B) are 
projected onto 2D anatomical slice in axial 
and sagittal orientation, overlaid on the 
mean group FA skeleton image. BP = 
Bipolar Patients; FA = Fractional 
Anisotropy; HC = Healthy Controls; UF = 
Uncinate Fasciculus. 
 
 
 
However, it is important to notice that most of the 
included studies were published before the last 
update of the DARTEL tool in SPM8 (55, 56), which 
could lead to confounding results.  
Otherwise, in the current study we showed that the 
volume of the right IFG predicts significantly some 
clinical improvement after psychoeducation. In a 
previous fMRI study (30) we showed that the 
decreased IFG activity in euthymic BP could be 
improved after psychoeducation. We suggested that 
psychoeducation could help patients to regulate 
better their emotional states, which may lead to 
increased neural activity in prefrontal regions and 
decreased activity in limbic regions. Here, we showed 
that BP with smaller IFG experienced higher anxiety 
diminution and used fewer coping strategies focused 
on emotion. In the WCC scale (42) coping strategies 
focused on emotion reflect all attempts made to 
control the emotional stress induced by the situation. 
It includes strategies based on avoiding the situation 
and self-accusation, with higher scores reflecting 
maladaptive coping strategies. Moreover, BP with 
smaller IFG volume were those with the larger trait-
anxiety scores diminution. Cousson et al. (42) showed 
that trait-anxiety scores correlates significantly with 
coping strategies focused on emotion. They point out 
that anxious people are using more coping strategies 
focused on emotion. Consequently, psychoeducation 
could help patients to use more appropriate coping 
strategies, which would be less focused on emotion, 
and that would enable them to reduce their anxiety. 
The role of the IFG in the pathophysiology of BD is still 
in debate. Some authors suggest that the IFG belong to 
the ventral system, while others suggest that it belong 
to the cognitive-control system (2). Both roles are 
compatible with our findings as larger IFG volume 
could lead to increased emotional experience, thus 
rendering psychoeducation action less efficient. 
Otherwise, poor response to the psychoeducation in 
BP with larger IFG volume might be due to a lack of 
cognitive control on emotional feelings.     
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Table 3: Multiple linear regression analyses of the association between right inferior frontal gyrus volume and right and 
left uncinate fasciculus fractional anisotropy before psychoeducation and clinical improvement before vs. after 
psychoeducation.  
 right IFG volume right UF FA-value left UF FA-value 
 β* t p β* t p β* t p 
MADRS 0.55 1.12 0.29 0.20 0.48 0.64 -0.36 -0.74 0.48 
YMRS 0.50 1.17 0.27 -0.16 -0.43 0.68 -0.01 -0.03 0.98 
STAI-A 0.53 1.10 0.30 0.13 0.30 0.77 -0.47 -1.01 0.34 
STAI-B 0.84 3.38 <0.01** -0.69 -2.54 0.03* -0.96 -3.48 <0.01** 
WCC Problem -0.45 -1.22 0.26 0.11 0.34 0.74 0.79 2.89 0.02* 
WCC Emotion 0.91 2.22 0.06 -0.34 -0.85 0.42 -0.22 -0.46 0.66 
WCC Social support -0.46 0.96 0.37 0.14 0.33 0.75 0.56 1.25 0.24 
Note: Clinical scores were entered as dependent variables; IFG volumes, right and left uncinate fasciculus fractional anisotropy were 
entered as independent variables separately. Moreover, age, sex and total intracranial volume (for VBM measure only) were entered as 
additional variable of no interest in each analysis. IFG = Inferior frontal gyrus; UF = Uncinate Fasciculus; FA = Fractional Anisotropy; 
MADRS = Montgomery and Asberg Depression Rating Scale; YMRS = Young Mania Rating Scale; STAI-A,B = State Trait Anxiety Inventory 
(state and trait respectively); WCC = Way of Coping Checklist (centered on Problem solving, Emotion reduction and Social support 
seeking). * p < 0.05; ** p < 0.01. 
 
Figure 3. Multiple linear regression analyses of the association between structural abnormalities in bipolar 
patients before the psychoeducation and clinical improvement after the psychoeducation. Right IFG grey matter 
volume at t1 predicts significantly anxiety reduction (p < 0.01) and marginally diminution of coping strategies focused on 
emotion (p = 0.06) after psychoeducation. Right and left uncinate fasciculus fractional anisotropy predicts significantly 
anxiety reduction (p < 0.05 and p < 0.01, respectively) and left uncinate fasciculus predicts significantly the augmentation 
of coping strategies focused on the problem (p < 0.05). STAI-B = State Trait Anxiety Inventory, Part B (trait); WCC-EMO = 
Way of Coping Checklist – Emotion; WCC-PB = Way of Coping Checklist – Problem. 
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White matter diffusivity 
By comparing whole-brain WM diffusivity in BP 
and HC, we only found decreased FA of the corpus 
callosum. This result has also been reported by 
several previous DTI studies in BD (16, 17, 57-59). 
However, clear explanation of this abnormality and of 
the role of the corpus callosum in the pathophysiology 
of BD have not been provided yet (60).  
As we had a specific hypothesis on the UF, we 
conducted an ROI analysis focused on this bundle. 
Compared to HC, our results showed decreased FA 
value of the bilateral UF in BP, result which is highly 
consistent with findings of previous DTI studies in BD 
(e.g. 20, 61-63). The UF links the anterior part of the 
temporal lobe (medial structures) with both medial 
and lateral ventral prefrontal cortices (64). Thus, one 
could suppose that UF is strongly involved in emotion 
regulation, in particular in attenuating emotional 
blunting by prefrontal inhibition of limbic structures 
(1, 2, 65). This supposition could be underpinned by 
recent fMRI studies showing altered fronto-limbic 
functional connectivity in BP at rest (66, 67) and 
during emotion down-regulation (68). 
Interestingly, in our study, FA values of both right 
and left UF predict anxiety scores diminution after 
psychoeducation, while FA values of the left UF 
predict improvement of coping strategies focused on 
the problem. Coping strategies focused on the 
problem are defined to be all effort undertaken to face 
a stressful situation (42). It could encompass 
information and solution seeking, action planning, 
goal pursuit, etc. Thus, higher scores reflect 
appropriate strategies and better cognitive control. 
Moreover, the use of coping strategies focused on the 
problem may have helped patients to reduce their 
anxiety by the improvement of top-down control after 
psychoeducation (69). A recent study focused on 
coping strategies in manic BP before and after 
psychoeducation and cognitive behavioral therapies 
(CBT), showed that both therapies were associated 
with similar improvement of symptoms and that they 
equally increased problem-directed coping styles in 
response to prodromal manic symptoms (70). One of 
the main points of psychoeducation is to teach 
patients to early identify the symptoms/prodroms 
and to use adapted behaviors to prevent relapse. 
Thus, psychoeducation teach patients to prevent 
relapses by using adaptive coping strategies, but 
cerebral structural abnormalities may compromise 
this benefit. We can speculate that, when the UF have 
better structural integrity (i.e. higher FA), the 
information can flow easily from the prefrontal cortex 
to limbic areas; thereby the emotional regulation 
could be facilitated.  
Limitations 
First, the medication was heterogeneous among 
patients and the sample size too small to assess the 
specific effect of each drug on both GM volume and 
WM diffusivity. However, the pharmacological 
treatment was maintained steady during all the study 
duration; thus, the clinical improvement seen after 
the psychoeducation is unlikely to be attributed to 
drug effects. Second, we cannot exclude a placebo 
effect of the psychoeducation on behavioral measures 
as we did not include a control group and patients 
consulted a therapist weekly during the 3-month 
interval. Third, the limited sample size due to the 
limited number of patients included in a 
psychoeducation group may also limit the 
generalization of our findings.    
5. Conclusion 
In conclusion, our results suggest that structural 
abnormalities of both GM and WM observed in BD, 
could limit the response to psychosocial therapies, 
such as psychoeducation. Patients with smaller IFG 
volume and higher UF diffusivity were those who 
adopted more appropriate coping strategies and were 
less anxious after psychoeducation. The right IFG and 
the UF are key structures for emotion regulation and 
their deterioration could lead to difficulty in top-down 
cognitive regulation. Assuming that some of these 
abnormalities may increase with the BD evolution (7, 
71), we thus may suggest that psychoeducation 
should be performed early in the BD in order to 
obtain the maximal benefit. Future studies are needed 
to investigate the neuroplasticity related to a 
psychoeducation program.  
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Supplementary Information 
Supplemental Material 
VBM analysis of grey matter 
First of all, individual images were reoriented to align approximately the origin to the anterior 
commissure. New segment, a tool provided with the DARTEL toolbox (72) was used to segment 
the images by tissue type: grey matter (GM), white matter (WM) and cerebro-spinal fluid (CSF). 
The total intracranial volume for each participant was estimated on the basis of the summed 
volume of these tissue classes. The DARTEL’s diffeomorphic method (55) was used to generate a 
study-specific template calculated with non-linear deformation of all subjects’ GM and WM 
images and to provide deformations fields for each subjects’ image. This template was then 
registered with the GM and WM probability maps and realigned in the MNI space using an affine 
transformation. Spatially normalized GM images were subsequently modulated with the Jacobian 
determinants of the deformation fields to adjust for the resulting volume changes (73). In the 
final step all GM images were smoothed using a 8-mm FWHM isotropic Gaussian kernel. 
TBSS analysis of white matter 
DWIs were first corrected for the effects of head movements and eddy-currents induced 
distortions using eddy-correct function. Registered DWIs were skull-stripped using the FSL Bet 
Extraction Toll (BET). Fractional anisotropy (FA) maps were compute for each subject with 
DTIFIT tool.  To perform voxel-wise analyses on FA images tract based spatial statistic (TBSS) 
was used in order to (a) coregistered all FA images to the FMRIB-58 template (MNI space) with 
FMRIB’s Nonlinear Registration Tool (FNIRT), (b) create the sample mean FA image (c) create 
and thresholded to FA ≥ 0.2 the mean FA skeleton image 
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Figure 11. Médiation partielle de la connectivité du cortex préfrontal ventrolatéral et de l’amygdale 
par le cortex cingulaire antérieur chez les patients bipolaire euthymiques de type I. (A) Conjonction 
des cartes de connectivité du cortex préfrontal ventrolatéral et de l’amygdale révélant un cluster au 
niveau du cortex cingulaire antérieur droit. (B) Analyse de la médiation du cortex cingulaire antérieur 
sur la connectivité du cortex préfrontal ventrolatéral et de l’amygdale. vlPFC : cortex préfrontal 
ventrolatéral ; ACC : cortex cingulaire antérieur ; Amyg : Amygdale. Extrait de Torrisi et al. (2013).    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Figure 12. Corrélation entre la connectivité fonctionnelle du cortex préfrontal ventromédial-amygdale 
droite et la connectivité anatomique du faisceau unciné droit chez les patients bipolaires 
euthymiques et chez les sujets sains. Le graphique montre une corrélation significative chez les 
patients bipolaires (r = -0.41, p = 0.04) mais pas chez les sujets sains (r = -0.21, p = 0.37). BP : 
Patients bipolaires ; CLT = participants contrôles ; CPFVM : cortex préfrontal ventromédial ; FA : 
Anisotropie Fractionnelle. (Favre et al., 2014 ; OHBM annual meeting).  
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Figure 13. Synthèse des anomalies cérébrales anatomo-fonctionnelles identifiées chez les patients 
bipolaires euthymiques. Les régions en rouge ou bleu sont hyper- ou hypoactives (études 1 et 2) ; les 
régions encerclées en rouge ou bleu sont hyper- ou hypotrophiées (étude 5). Les flèches larges 
représentent les anomalies de connectivité anatomiques (études 4 et 5). Les flèches étroites indiquent les 
anomalies de connectivité fonctionnelle, en pointillé pour celles identifiées lors de tâches (étude 2), en trait 
plein pour celles identifiées au repos (étude 3). HC : sujets contrôles ; BP : patients bipolaires ; CPFVL : 
cortex préfrontal ventrolatéral ; CPFDL : cortex préfrontal dorsolatéral ; CPFVM : cortex préfrontal 
ventromédial ; sgCCA : cortex cingulaire antérieur subgénual ; CCP : cortex cingulaire postérieur ; F. : 
faisceau.  
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Figure 14. Représentation d’un réseau « small-world » obtenu à partir de données resting-state à un 
seuil donné chez un sujet sain. Les nœuds sont situés en fonction des coordonées talairach y et z de 
la région cérébrale représentée. Les arrètes bleues représentent les connections longues distance et 
les arrètes rouges les connections courte distance. Extrait de Achard et al. (2006).   
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Figure 15. Exemple de classification possible entre patients avec une dépression uni- ou bipolaire 
sur la base du flux sanguin cérébral au repos du cortex cingluaire antérieur subgénual (sgCCA). UD : 
dépression unipolaire ; BD : dépression bipolaire. Extrait de Almeida et al. (2013).  
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Figure 16. Représentation schématique du couplage neurovasculaire lors de la condition de repos (à 
gauche) et de la condition active (à droite). Une augmentation de l’activité neuronale provoque une 
augmentation locale de la perfusion sanguine.  
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Figure 17. Illustration schématique du décours temporel des paradigmes de type « bloc » et de la 
réponse BOLD associée.  
 
 

"
( 
     ,
-+ 
   
   

  %O 	3
    >
! :     


)	
&	&
		+	

		
0#	K1!
Annexe I 
4K

Figure 18. Illustration schématique du décours temporel des paradigmes de type « événementiels » 
et de la réponse BOLD associée. 
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Figure 19. Illustration du principe du « Slice Timing » tel qu’il est effectué sous SPM. L’ensemble des 
coupes d’un même volume fonctionnel sont recalées sur une coupe de référence par interpolation 
temporelle. 
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Figure 20. Illustration schématique de l’étape de réalignement. Dans cet exemple, les biais d’angles 
axiaux entraînés par les mouvements de tête du sujet lors de l’acquisition  (en rouge sur les volumes 
avant correction) sont corrigés par réalignement de chaque volume sur le premier volume acquis. 
Une fois corrigés, tous les volumes sont alignés (cadre rouge). 
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Figure 21. Illustration du principe du « recalage » entre la moyenne des images fonctionnelles (EPI) 
et l’image anatomique T1 du sujet. 

L’IRMf 
44

' (		
# (	)"%
"  
 	  	&  %% 	  
	

!I%)	%%	+ 
 


	%
	!"	




 $./ 0
	 %
   	1 % 	)

 ,- 
%
 		!	 %+ 
)
/)	 	
		,
-	 
)

,

-0	 %O1!:
%	D%%%!$
	)+

+)	&	

 	 %  *
 0)33 	 ' 

  %  	
$./1+)	*)		
	8+	+)	$./ 
		
	8  

  
/
	

 $	 0/$1! " 
	
 
%%
))	%
$./
	

!"%)%%	
&

0	

1&%0

&


1<0#	441!
")
)		)	
  %! 	 	 	 	 	     
) 
 	+   	 
  
  %% 	8 
	



3%

3	

!

Figure 22. Illustration schématique de l’étape de normalisation. Une fois les volumes fonctionnels 
réalignés et l’image anatomique alignée sur ceux-ci, toutes les images sont modelées afin de se 
trouver dans un référentiel commun, palliant ainsi aux différences anatomiques inter-individuelles. 
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Figure 23. Illustration de l’étape de lissage appliquée aux volumes fonctionnels. Un filtre gaussien 
est appliqué sur chaque volume afin d’augmenter le rapport signal/bruit. 
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Figure 24. Fonction de réponse hémodynamique (HRF) telle qu’elle est implémentée sous SPM. 
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Figure 25. Construction d’une colonne de la matrice de dessin « X ». 
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Figure 26. Schématisation du MLG pour un voxel avec la modélisation de deux conditions 
représentées par X1 et X2. 
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Figure 27. Carte d’activation de type « glass-brain » produite à l’issu des traitements statistiques. 
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ANNEXE II : Resting-State et Connectivité 
Fonctionnelle 
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Figure 28. Signal temporel d’un voxel avant et après un filtrage temporel à 1 Hz. 
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Figure 29. Illustration du principe de la connectivité « Seed to voxels ». La figure montre un exemple 
de la connectivité fonctionnelle du cortex cingulaire postérieur avec l’ensemble du cerveau.  
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Figure 30. Illustration des deux interprétations possibles des effets PPI. Panel de gauche : l’effet de 
la région A sur la région B est modulé par le contexte expérimental ; Panel de droite : la réponse de 
la région B au contexte expérimental est modulé par la région A. 
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Figure 31. Exemple de déconvolution du signal BOLD 
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ANNEXE III : Voxel-Based Morphometry 
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Figure 32. Illustration des masques de substance grise, de substance blanche et du liquide céphalo-
rachidien obtenus après segmentation de l’image anatomique T1.  
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ANNEXE IV : Imagerie du Tenseur de Diffusion 
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2) La fraction d’anisotropie (FA) qui évalue l’anisotropie des mouvements de diffusion et 
qui permet d’obtenir des informations sur la direction prédominante des faisceaux de la SB (Basser 
& Pierpaoli, 1996).  
Annexe IV 
45K
On peut également mesurer le coefficient de diffusion dans la direction principale (encore 
appelé D//) et le coefficient de diffusion moyen dans la direction perpendiculaire à la direction 
principale (encore appelé D ). Enfin, à partir des directions des faisceaux de SB, on peut 
reconstruire les faisceaux principaux, à l'aide d'algorithmes dits de « tractographie ». 

,,

Le tenseur de diffusion est une matrice symétrique de 3 × 3, qui regroupe les mesures de 
diffusion dans les différentes directions de l'espace. Si le milieu est isotrope comme dans le LCR, la 
diffusion des protons est la même dans toutes les directions à partir d’un point donné. L’ensemble 
des mouvements moléculaires est contenu dans une sphère. Si le milieu est anisotrope comme dans 
la SB, alors l’ensemble des mouvements est contenu dans un ellipsoïde, où le plus grand diamètre 
indique le sens de diffusion maximale (#	55, #	56). 

Figure 33. Illustration de la diffusion des molécules d’eau dans un milieu isotrope (Panel A) et dans 
un milieu anisotrope (B). 
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Figure 34. La diffusivité dans les trois dimensions modélisée sous forme d’une ellipsoïde.  
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Figure 35. Exemple de carte de fraction d’anisotropie (FA) pouvant être obtenue grâce à l’imagerie du 
tenseur de diffusion. Le rouge code la direction droite-gauche, le vert la direction antéro-postérieur 
et le bleu la direction inférieur-supérieur.  
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Figure 36. Exemple de carte de fraction d’anisotropie obtenue pour un sujet suite à l’utilisation du 
pipeline de FSL. 
+



*

 ,

"
 			#")%%	

,*3

-0*10!/!
!+4;;1+
	N
1"
				

	


)


	
	%	
!
41 ")
   0#I 	/(1  	8   	 

 
)/$ 
 	 
  #" 0!!+ #/.$37K 
1! 	   +
		#I0	/(1
			8!
51(+
	8
	
%6(!") +		 	,
- 	!
")	@
 	
)
% 
Annexe IV 
464

 	8! + 
 ) 	   	 
 %  	 
	L

3	

	0#	5=1!
61"	


) 	@
0!!+#Iq;!41!

Figure 37. Exemple d’image du « skeleton » moyen pour un groupe de sujets 
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ANNEXE V : Caractéristiques Démographiques et 
Cliniques des Participants Inclus dans l’Etude 
Tableau 6. Informations démographiques de l’ensemble des participants 
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Tableau 7. Scores cliniques avant (t1) et après (t2) psychoéducation ou groupe de parole 
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Visite N°   Date               
1
             
              
Nom de linvestigateur              
              
Centre              
              
Date dinclusion              
              
Cahier dobservation patient 
Evaluation du programme de psychoéducation 
  
Visite N°   Date               
2
V1 : VISITE DINCLUSION, AVANT LA PSYCHOEDUCATION 
La visite N°1 a lieu dans le mois qui précède le début de la psychoéducation 
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ENQUETE SOCIOBIOGRAPHIQUE 
Date dinclusion :           
jour  mois  année
Nom   
Prénom 
              
Numéro de téléphone:               
Sexe Féminin   Masculin 
   
      
Date de naissance du patient :           
jour  mois  année
Age lors de linclusion :    
ans
    
     
Temps depuis le diagnostic    ans       
     
Age lors du diagnostic    
ans
    
              
Type de trouble bipolaire  I  II 
Ne sais pas 

      Nom du psychiatre référent.. 
Statut marital  Célibataire  Marié/concubinage  Séparé/divorcé 
Nombre denfants  0  1  2  3 ou + 
Niveau d'étude Inférieur au bac   Supérieur au bac 
     
Activité professionnelle Oui   Non 
 Si oui, laquelle ? .. 
Visite N°   Date               
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HISTOIRE DE LA MALADIE 
6 mois avant la psychoéducation (avant T1) 
Nombre dépisodes thymiques ayant nécessité une prise en charge    
   
Parmi ces épisodes nombre dépisodes ayant nécessité une 
hospitalisation 
Durée dhospitalisation (en jours) :  
   
   
   
Nombre de tentatives de suicide    
   
Visite N°   Date               
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IMPRESSIONS CLINIQUES GLOBALES 
(CLINICAL GLOBAL IMPRESSIONS)  (CGI)
   
INSTRUCTIONS
Compléter l'item (gravité de la maladie) lors de l'évaluation initiale et des évaluations suivantes. Les 
items 2 et 3 seront omis lors de l'évaluation initiale en cochant 0 (non évalué). 
  
1. Gravité de la maladie 
En fonction de votre expérience clinique totale avec ce type de patient, quel est le 
niveau de gravité des troubles mentaux actuels du patient ?
  
0. non évalué 
1. normal, pas du tout malade 
2. à la limite 
3. légèrement malade 
4. modérément malade 
5. manifestement malade 
6. gravement malade 
7. parmi les patients les plus malades 
  
2. Amélioration globale  
Evaluer l'amélioration totale qu'elle soi ou non, selon votre opinion, due entièrement 
au traitement médicamenteux. Comparé à son état au début du traitement, de quelle 
façon le patient a-t-il changé ? 
  
0. non évalué 
1. très fortement amélioré 
2. fortement amélioré 
3. légèrement amélioré 
4. pas de changement 
5. légèrement aggravé 
6. fortement aggravé 
7. très fortement aggravé 
Visite N°   Date               
6
3. Index thérapeutique  
Evaluer cet item uniquement en fonction de l'effet du médicament. Choisissez les termes qui 
décrivent le mieux les degrés d'efficacité thérapeutique et d'effets secondaires et entourez le 
nombre qui se trouve à l'intersection. 
Exemple : l'effet thérapeutique est évalué comme "modéré" et les effets secondaires sont jugés 
comme "n'interférant pas significativement avec le fonctionnement du patient" entourez 06. 
Effet 
thérapeutique 
Effets secondaires   
  
  
Aucun N'interfèrent pas 
significativement avec 
le fonctionnement du 
patient
Interfèrent 
significativement avec le 
fonctionnement du patient
Dépassent l'effet 
thérapeutique
Important -  
amélioration marquée 
: disparition complète 
ou presque complète 
de tous les 
symptômes
01 02 03 04
Modéré -  
amélioration nette : 
disparition partielle 
des symptômes
05 06 07 08
Minime -  
très légère 
amélioration qui ne 
modifie pas le 
fonctionnement du 
patient
09 10 11 12
Nul ou 
aggravation
13 14 15 16
Non évalué = 00     
Visite N°   Date               
7
EVALUATION GLOBALE DU FONCTIONNEMENT (EGF) 
Evaluer le fonctionnement psychologique, social et professionnel sur un continuum hypothétique allant 
de la santé mentale à la maladie. Ne pas tenir compte d'un handicap du fonctionnement dû à des facteurs 
limitants d'ordre physique ou environnemental.  (Utiliser des codes intermédiaires lorsque cela est 
justifié: p. ex. 45, 68, 72.)  
Code    
90
81
Symptômes absents ou minimes (p. ex. anxiété légère avant un examen), fonctionnement 
satisfaisant dans tous les domaines, intéressé et impliqué dans une grande variété 
d'activités, socialement efficace, en général satisfait de la vie, pas plus de problèmes ou de 
préoccupations que les soucis de tous les jours (p.ex conflit occassionnel avec des membres de 
la famille) 
80
71
Si des symptômes sont présents, ils sont transitoires et il s'agit de réactions prévisibles à des 
facteurs de stress (p. ex. des difficultés de concentration après une dispute familiale) ; pas plus 
qu'un handicap léger du fonctionnement social, professionnel ou scolaire (p. ex. 
fléchissement temporaire du travail scolaire). 
70
61
Quelques symptômes légers (p. ex. humeur dépressive et insomnie légère) ou une certaine 
difficulté dans le fonctionnement social, professionnel ou scolaire (p. ex. école buissonnière 
épisodique ou vol en famille) mais fonctionne assez bien de façon générale et entretient 
plusieurs relations interpersonnelles positives.
60
51
Symptômes d'intensité moyenne (p. ex. émoussement affectif, prolixité circonlocutoire, 
attaques de panique épisodiques) ou difficultés d'intensité moyenne dans le fonctionnement 
social, professionnel ou scolaire (p. ex. peu d'amis, conflits avec les collègues de travail). 
50
41
Symptômes importants (p. ex. idéation suicidaire, rituels obsessionnels sévères, vols répétés 
dans les grands magasins) ou handicap important dans le fonctionnement social, 
professionnel ou scolaire (p. ex. absence d'amis, incapacité à garder un emploi). 
40
31
Existence d'une certaine altération du sens de la réalité ou de la communication (p. ex. 
discours par moments illogique, obscur ou inadapté) ou handicap majeur dans plusieurs 
domaines, p. ex. le travail, l'école, les relations familiales, le jugement, la pensée ou 
l'humeur (p. ex. un homme déprimé évite ses amis, néglige sa famille et est incapable de 
travailler ; un enfant bat fréquemment des enfants plus jeunes que lui, se montre provoquant à la 
maison et échoue à l'école). 
30
21
Le comportement est notablement influencé par des idées délirantes ou des hallucinations 
ou trouble grave de la communication ou de jugement (par ex. parfois incohérent, actes 
grossièrement inadaptés, préoccupation suicidaire) ou incapable de fonctionner dans tous les 
domaines (par ex. reste au lit toute la journée, absence de travail, de foyer ou d'amis). 
20
11
Existence d'un certain danger d'auto ou d'hétéro-agression (p. ex. tentative de suicide sans 
attente précise de la mort, violence fréquente, excitation maniaque). Ou incapacité temporaire 
à maintenir une hygiène corporelle minimum (p. ex. se barbouille d'excréments). Ou 
altération massive de la communication (p. ex. incohérence indiscutable ou mutisme). 
10
1
Danger persistant d'hétéro-agression grave (p. ex. accès répétés de violence) Ou incapacité 
durable à maintenir une hygiène corporelle minimum ou geste suicidaire avec attente 
précise de la mort.
Visite N°   Date               
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QUESTIONNAIRE DE CONNAISSANCE SUR LES TROUBLES BIPOLAIRES 
Pour chacune des phrases suivantes, cochez la case correspondant à votre réponse
1. Le pourcentage de patients atteints de troubles bipolaires en France est de 0.1% 
Vrai   Faux    Je ne sais pas 
2. Il existe une prédisposition génétique aux troubles bipolaires 
Vrai   Faux    Je ne sais pas 
3. Les hommes sont davantage atteints par les troubles bipolaires que les femmes 
Vrai   Faux    Je ne sais pas  
4. Les troubles bipolaires touchent surtout les milieux socio-économiques favorisés 
Vrai   Faux    Je ne sais pas 
5. Les épisodes de la maladie peuvent survenir sans facteur de stress apparent 
Vrai   Faux    Je ne sais pas  
6. Le début de la maladie se situe habituellement après 25 ans 
Vrai   Faux    Je ne sais pas 
7. Les symptômes dhypomanie sont plus intenses que ceux de la manie 
Vrai   Faux    Je ne sais pas  
8. Lintensité maximale des symptômes dexcitation (manie ou hypomanie) permet de distinguer les 
troubles bipolaires de type 1 et de type 2 
Vrai   Faux    Je ne sais pas  
9. Les idées délirantes doivent être présentes pour poser le diagnostic de troubles bipolaires 
Vrai   Faux    Je ne sais pas 
10. La tristesse est toujours présente dans les phases dépressives mais jamais dans les phases 
maniaques 
Vrai   Faux    Je ne sais pas 
11. La tentative de suicide est une complication rare des troubles bipolaires 
Vrai   Faux    Je ne sais pas 
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12. La diminution du temps de sommeil sans sentiment de fatigue peut être un signe précurseur de 
manie 
Vrai   Faux    Je ne sais pas  
13. Lors des phases maniaques, on peut observer des actes inconsidérés (achats excessifs, problèmes 
avec la police ) 
Vrai   Faux    Je ne sais pas  
14. On nobserve jamais dhallucinations lors des épisodes dépressifs ou maniaques 
Vrai   Faux    Je ne sais pas 
15. La prise dantidépresseurs peut favoriser la survenue dun épisode maniaque 
Vrai   Faux    Je ne sais pas 
16. Les évènements de vie stressants peuvent déclencher ou aggraver la maladie 
Vrai   Faux    Je ne sais pas 
17. La consommation dalcool ou de cannabis peut déclencher la survenue dun épisode de la 
maladie 
Vrai   Faux    Je ne sais pas 
18. Le lithium est le seul médicament ayant démontré son efficacité pour prévenir les rechutes du 
trouble bipolaire 
Vrai   Faux    Je ne sais pas  
19. Même en dehors des épisodes dépressifs ou maniaques, certains patients peuvent garder des 
symptômes 
Vrai   Faux    Je ne sais pas 
20. 50% des patients ayant un trouble bipolaire souffrent aussi dun autre trouble psychiatrique 
(trouble anxieux, dépendance à lalcool ou à une drogue)  
Vrai   Faux    Je ne sais pas 
(Etain, Cochet) 
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AUTO-QUESTIONNAIRE ALTMAN 
Consignes 
Choisir la proposition dans chaque groupe qui correspond le mieux à la manière dont 
vous vous êtes senti(e) la semaine dernière. 
Veuillez noter :  « parfois » utilisé ici signifie une ou deux fois,  
 « Souvent » signifie plusieurs,  
 « Fréquemment » signifie la plupart du temps 
QUESTION 1 : 
0. Je ne me sens pas plus heureux (se) ou plus joyeux (se) que dhabitude. 
1. Je me sens parfois plus heureux (se) ou plus joyeux (se) que dhabitude. 
2. Je me sens souvent plus heureux (se) ou plus joyeux (se) que dhabitude. 
3. Je me sens plus heureux (se) ou plus joyeux (se) que dhabitude la plupart du temps. 
4. Je me sens plus heureux (se) ou plus joyeux (se) que dhabitude tout le temps. 
QUESTION 2 : 
0. Je ne me sens pas plus sûr(e) de moi que dhabitude.  
1. Je me sens parfois plus sûr(e) de moi que dhabitude. 
2. Je me sens souvent plus sûr(e) de moi que dhabitude. 
3. Je me sens plus sûr(e) de moi que dhabitude la plupart du temps. 
4. Je me sens extrêmement sûr de moi tout le temps. 
QUESTION 3 : 
0. Je nai pas besoin de moins de sommeil que dhabitude. 
1. Jai parfois besoin de moins de sommeil que dhabitude. 
2. Jai souvent besoin de moins de sommeil que dhabitude. 
3. Jai fréquemment besoin de moins de sommeil que dhabitude. 
4. Je peux passer toute la journée et toute la nuit sans dormir et ne toujours pas être fatigué(e). 
QUESTION 4 : 
0. Je ne parle pas plus que dhabitude. 
1. Je parle parfois plus que dhabitude. 
2. Je parle souvent plus que dhabitude. 
3. Je parle fréquemment plus que dhabitude. 
4. Je parle sans arrêt et ne je peux être interrompu(e). 
QUESTION 5 : 
0. Je nai pas été plus actif (ve) (que ce soit socialement, sexuellement, au travail, à la maison ou 
à lécole) que dhabitude. 
1. Jai parfois été plus actif (ve) que dhabitude. 
2. Jai souvent été plus actif (ve) que dhabitude. 
3. Jai fréquemment été plus actif (ve) que dhabitude. 
4. Je suis constamment actif (ve), ou en mouvement tout le temps. 
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AUTO-QUESTIONNAIRE COURT SUR LES SYMPTÔMES DE LA DÉPRESSION 
(Version française de la QIDS-SR16)
PARTIE 1 : Pour chaque item, veuillez entourer l'affirmation qui correspond le mieux à votre 
situation des 7 derniers jours. 
1. Endormissement : 
0 Je ne mets jamais plus de 30 minutes à mendormir. 
1 Moins d'une fois sur deux, je mets au moins 30 minutes à mendormir. 
2 Plus d'une fois sur deux, je mets au moins 30 minutes à mendormir. 
3 Plus d'une fois sur deux, je mets plus dune heure à mendormir. 
2. Sommeil pendant la nuit : 
0 Je ne me réveille pas la nuit. 
1 Jai un sommeil agité, léger et quelques réveils brefs chaque nuit. 
2 Je me réveille au moins une fois par nuit, mais je me rendors facilement. 
3 Plus d'une fois sur deux, je me réveille plus dune fois par nuit et reste éveillé(e) 20 minutes ou plus. 
3. Réveil avant l'heure prévue : 
0 La plupart du temps, je me réveille 30 minutes ou moins avant le moment où je dois me lever. 
1 Plus d'une fois sur deux, je me réveille plus de 30 minutes avant le moment où je dois me lever. 
2 Je me réveille presque toujours une heure ou plus avant le moment où je dois me lever, mais je finis par me 
rendormir. 
3 Je me réveille au moins une heure avant le moment où je dois me lever et je narrive pas à me rendormir. 
4. Sommeil excessif : 
0 Je ne dors pas plus de 7 à 8 heures par nuit, et je ne fais pas de sieste dans la journée. 
1 Je ne dors pas plus de 10 heures sur un jour entier de 24 heures, siestes comprises. 
2 Je ne dors pas plus de 12 heures sur un jour entier de 24 heures, siestes comprises. 
3 Je dors plus de 12 heures sur un jour entier de 24 heures, siestes comprises. 
5. Tristesse : 
0 Je ne me sens pas triste. 
1 Je me sens triste moins de la moitié du temps. 
2 Je me sens triste plus de la moitié du temps. 
3 Je me sens triste presque tout le temps. 
6. Diminution de lappétit : 
0 Jai le même appétit que dhabitude. 
1 Je mange un peu moins souvent ou en plus petite quantité que dhabitude. 
2 Je mange beaucoup moins que dhabitude et seulement en me forçant. 
3 Je mange rarement sur un jour entier de 24 heures et seulement en me forçant énormément ou quand on me 
persuade de manger. 
7. Augmentation de l'appétit : 
0 Jai le même appétit que dhabitude. 
1 J'éprouve le besoin de manger plus souvent que dhabitude. 
2 Je mange régulièrement plus souvent et/ou en plus grosse quantité que dhabitude. 
3 J'éprouve un grand besoin de manger plus que d'habitude pendant et entre les repas. 
8. Perte de poids (au cours des 15 derniers jours) : 
0 Mon poids na pas changé. 
1 Jai limpression davoir perdu un peu de poids. 
2 Jai perdu 1 kg ou plus. 
3 Jai perdu plus de 2 kg. 
9. Prise de poids (au cours des 15 derniers jours) : 
0 Mon poids na pas changé. 
1 Jai limpression davoir pris un peu de poids. 
2 Jai pris 1 kg ou plus. 
3 Jai pris plus de 2 kg. 
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PARTIE 2 : Pour chaque item, veuillez entourer l'affirmation qui correspond le mieux à votre 
situation des 7 derniers jours.
10. Concentration/Prise de décisions : 
0 Il ny a aucun changement dans ma capacité habituelle à me concentrer ou à prendre des décisions. 
1 Je me sens parfois indécis(e) ou je trouve parfois que ma concentration est limitée. 
2 La plupart du temps, j'ai du mal à me concentrer ou à prendre des décisions. 
3 Je narrive pas me concentrer assez pour lire ou je narrive pas à prendre des décisions même si elles sont 
insignifiantes. 
11. Opinion de moi-même : 
0 Je considère que j'ai autant de valeur que les autres et que je suis aussi méritant(e) que les autres. 
1 Je me critique plus que dhabitude. 
2 Je crois fortement que je cause des problèmes aux autres. 
3 Je pense presque tout le temps à mes petits et mes gros défauts. 
12. Idées de mort ou de suicide : 
0 Je ne pense pas au suicide ni à la mort. 
1 Je pense que la vie est sans intérêt ou je me demande si elle vaut la peine d'être vécue. 
2 Je pense au suicide ou à la mort plusieurs fois par semaine pendant plusieurs minutes. 
3 Je pense au suicide ou à la mort plusieurs fois par jours en détail, jai envisagé le suicide de manière précise ou 
jai réellement tenté de mettre fin à mes jours. 
13. Enthousiasme général : 
0 Il ny pas de changement par rapport à dhabitude dans la manière dont je mintéresse aux gens ou à mes 
activités. 
1 Je me rends compte que je mintéresse moins aux gens et à mes activités. 
2 Je me rends compte que je nai dintérêt que pour une ou deux des activités que j'avais auparavant. 
3 Je nai pratiquement plus d'intérêt pour les activités que j'avais auparavant. 
14. Énergie : 
0 J'ai autant d'énergie que d'habitude. 
1 Je me fatigue plus facilement que dhabitude. 
2 Je dois faire un gros effort pour commencer ou terminer mes activités quotidiennes (par exemple, faire les 
courses, les devoirs, la cuisine ou aller au travail). 
3 Je ne peux vraiment pas faire mes activités quotidiennes parce que je nai simplement plus dénergie. 
15. Impression de ralentissement : 
0 Je pense, je parle et je bouge aussi vite que dhabitude. 
1 Je trouve que je réfléchis plus lentement ou que ma voix est étouffée ou monocorde. 
2 Il me faut plusieurs secondes pour répondre à la plupart des questions et je suis sûr(e) que je réfléchis plus 
lentement. 
3 Je suis souvent incapable de répondre aux questions si je ne fais pas de gros efforts. 
16. Impression d'agitation : 
0 Je ne me sens pas agité(e). 
1 Je suis souvent agité(e), je me tords les mains ou jai besoin de changer de position quand je suis 
assis(e). 
2 J'éprouve le besoin soudain de bouger et je suis plutôt agité(e). 
3 Par moments, je suis incapable de rester assis(e) et jai besoin de faire les cent pas. 
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QUESTIONNAIRE DANXIETE ETAT (STAI FORME Y-A)
CONSIGNES  
Un certain nombre de phrases que l'on utilise pour se décrire sont données ci-dessous. 
Lisez chaque phrase, puis marquez d'une croix, parmi les quatre points à droite, celui 
qui correspond le mieux à ce que vous ressentez A L'INSTANT, JUSTE EN CE 
MOMENT. Il n'y a pas de bonnes ni de mauvaises réponses. Ne passez pas trop de 
temps sur l'une ou l'autre de ces propositions, et indiquez la réponse qui décrit le 
mieux vos sentiments actuels.  
    
non 
plutôt
non 
plutôt
oui  oui  
1 Je me sens calme. 
2 Je me sens en sécurité, sans inquiétude, en sûreté.
3 Je suis tendu(e), crispé(e). 
4 Je me sens surmené(e). 
5 Je me sens tranquille, bien dans ma peau. 
6 Je me sens ému(e), bouleversé(e), contrarié(e). 
7 L'idée de malheurs éventuels me tracasse en ce 
moment. 
8 Je me sens content(e). 
9 Je me sens effrayé(e) 
10 Je me sens à mon aise. 
11 Je sens que j'ai confiance en moi. 
12 Je me sens nerveux (nerveuse), irritable. 
13 J'ai la frousse, la trouille (j'ai peur). 
14 Je me sens indécis(e). 
15 Je suis décontracté(e), détendu(e). 
16 Je suis satisfait(e). 
17 Je suis inquiet, soucieux (inquiète, soucieuse) . 
18 Je ne sais plus où j'en suis, je me sens 
déconcerté(e), dérouté(e). 
19 Je me sens solide, posé(e), pondéré(e), réfléchi(e). 
20 Je me sens de bonne humeur, aimable. 
(Spielberger) 
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QUESTIONNAIRE DANXIETE TRAIT (STAI FORME Y-B) 
CONSIGNES
Un certain nombre de phrases que l'on utilise pour se décrire sont données ci-
dessous. Lisez chaque phrase, puis marquez d'une croix, parmi les 4 points à droite, 
celui qui correspond le mieux à ce que vous ressentez généralement. Il n'y a pas de 
bonnes ni de mauvaises réponses. Ne passez pas trop de temps sur l'une ou l'autre de 
ces propositions et indiquez la réponse qui décrit le mieux vos sentiments 
habituels.  
    presque
jamais parfois souvent
presque 
toujours
21 Je me sens de bonne humeur, aimable. 
22 Je me sens nerveux (nerveuse) et agité (e). 
23 Je me sens content(e) de moi. 
24 Je voudrais être aussi heureux (heureuse) que les 
autres semblent l'être. 
25 J'ai un sentiment d'échec. 
26 Je me sens reposé(e). 
27 J'ai tout mon sang-froid. 
28 J'ai l'impression que les difficultés s'accumulent à 
un tel point que je ne peux plus les surmonter. 
29 Je m'inquiète à propos de choses sans importance. 
30 Je suis heureux(se). 
31 J'ai des pensées qui me perturbent. 
32 Je manque de confiance en moi. 
33 Je me sens sans inquiétude, en sécurité, en sûreté.
34 Je prends facilement des décisions. 
35 Je me sens incompétent(e), pas à la hauteur. 
36 Je suis satisfait(e). 
37 Des idées sans importance trottant dans ma tête me 
dérangent. 
38 Je prends les déceptions tellement à coeur que je les 
oublie difficilement. 
39 Je suis une personne posée, solide,stable. 
40 Je deviens tendu(e) et agité(e)quand je réfléchis à 
mes soucis. 
(Spielberger) 
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ECHELLE DOBSERVANCE MEDICAMENTEUSE (MARS)
Ce questionnaire consiste à mieux comprendre les difficultés liées à la prise de médicament. Votre 
aide nous sera précieuse pour mieux vous aider et améliorer, nous l'espérons, les résultats 
thérapeutiques. 
Veuillez sil vous plaît répondre à lensemble des questions en cochant la réponse qui correspond le 
mieux à votre comportement ou attitude vis à vis du traitement que vous preniez durant la semaine
précédente. 
OUI NON 
[1] Vous est-il parfois arrivé doublier de prendre vos médicaments ?   
[2] Négligez-vous parfois lheure de prise dun de vos médicaments ?    
[3] Lorsque vous vous sentez mieux, interrompez-vous parfois votre traitement ?   
[4] Vous est il arrivé darrêter le traitement parce que vous vous sentiez moins bien en le prenant?   
[5] Je ne prends les médicaments que lorsque je me sens malade.   
[6] Ce nest pas naturel pour mon corps et mon esprit dêtre équilibré par des médicaments.   
[7] Mes idées sont plus claires avec les médicaments.   
[8] En continuant à prendre les médicaments, je peux éviter de tomber à nouveau malade.   
[9] Avec les médicaments, je me sens bizarre, comme un « zombie ».   
[10] Les médicaments me rendent lourd (e) et fatigué (e).   
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VOS OPINIONS SUR LE TROUBLE BIPOLAIRE 
 Nous aimerions vous demander votre opinion personnelle concernant le trouble bipolaire 
 Merci de répondre aux questions suivantes en entourant le chiffre qui décrit le mieux votre 
opinion concernant la manière dont vous vous sentez en ce moment 
1. Dans quelle mesure votre trouble bipolaire affecte votre vie ? 
Ne laffecte pas du tout                                                                                               Affecte sévèrement ma vie 
0 1 2 3 4 5 6 7 8 9 10 
2. Combien de temps pensez-vous que votre trouble bipolaire va continuer ? 
Une très courte période                                                                                                                            Toujours 
0 1 2 3 4 5 6 7 8 9 10 
3. Comment estimez-vous le contrôle que vous avez sur votre trouble bipolaire ? 
Absolument aucun contrôle                                                                                              Contrôle considérable 
0 1 2 3 4 5 6 7 8 9 10 
4. Dans quelle mesure pensez-vous que votre traitement peut vous aider face à votre trouble 
bipolaire 
Pas du tout                                                                                                                              Extrêmement aidant 
0 1 2 3 4 5 6 7 8 9 10 
5. Dans quelle mesure avez-vous des symptômes du trouble bipolaire ? 
Aucun symptôme                                                                                            Beaucoup de symptômes sévères 
0 1 2 3 4 5 6 7 8 9 10 
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6. Dans quelle mesure vous inquiétez-vous au sujet de votre trouble bipolaire? 
Pas du tout dinquiétude                                                                                                         Inquiétude extrême 
0 1 2 3 4 5 6 7 8 9 10 
7. Dans quelle mesure comprenez-vous bien votre trouble bipolaire ? 
Pas de compréhension du tout                                                                                  Compréhension très claire 
0 1 2 3 4 5 6 7 8 9 10 
8. Dans quelle mesure votre trouble bipolaire vous affecte t il émotionnellement ? 
(par exemple, vous rend-il  en colère, effrayé, contrarié, peiné ?) 
Pas du tout affecté émotionnellement                                                 Extrêmement affecté émotionnellement 
0 1 2 3 4 5 6 7 8 9 10 
9. Dans quelle mesure êtes-vous daccord avec votre diagnostic de trouble bipolaire ? 
Pas du tout daccord                                                                                                             Totalement daccord 
0 1 2 3 4 5 6 7 8 9 10 
(adaptation MRC-PACKS, Pr Scott)) 
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QUESTIONNAIRE DE FONCTIONNEMENT SOCIAL (QFS)
Les questions suivantes évaluent votre fonctionnement social général au cours des deux dernières 
semaines. Il ny a pas de bonnes ou mauvaises réponses. Lisez attentivement chacune des questions 
puis cochez la réponse appropriée. 
ACTIVITES 
Au cours de ces 2 dernières semaines à quelle fréquence avez-vous accompli l'une ou l'autre de ces 
activités (activités professionnelles, études, activités en atelier protégé ou dans une structure de soins, 
activités bénévoles, recherche demploi,...) ? 
 Tous les jours 
 Au moins deux fois par semaine 
 Au moins une fois par semaine 
 Une fois tous les 15 jours 
 Jamais 
Etes-vous satisfait(e) de la manière dont vous avez accompli ces activités au cours des 2 dernières 
semaines ? 
 Très satisfait(e) 
 Plutôt satisfait(e) 
 Moyennement satisfait(e) 
 Plutôt insatisfait(e) 
 Très insatisfait(e) 
TACHES DE LA VIE QUOTIDIENNE 
Au cours de ces 2 dernières semaines, à quelle fréquence avez-vous réalisé l'une ou l'autre de ces 
tâches (ménage, achats, cuisine, éducation des enfants,...) ? 
 Tous les jours 
 Au moins deux fois par semaine 
 Au moins une fois par semaine 
 Une fois tous les 15 jours 
 Jamais 
Etes-vous satisfait(e) de la manière dont vous avez réalisé ces tâches au cours des 2 dernières 
semaines ? 
 Très satisfait(e) 
 Plutôt satisfait(e) 
 Moyennement satisfait(e) 
 Plutôt insatisfait(e) 
 Très insatisfait(e) 
LOISIRS 
Au cours de ces 2 dernières semaines, à quelle fréquence avez-vous consacré du temps à vos loisirs 
(sport, activités artistiques ou culturelles, lecture, séance de cinéma,...) ? 
 Tous les jours 
 Au moins deux fois par semaine 
 Au moins une fois par semaine 
 Une fois tous les 15 jours 
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 Jamais 
Etes-vous satisfait(e) des loisirs que vous avez eus au cours des 2 dernières semaines ? 
 Très satisfait(e) 
 Plutôt satisfait(e) 
 Moyennement satisfait(e) 
 Plutôt insatisfait(e) 
 Très insatisfait(e) 
RELATIONS FAMILIALES ET DE COUPLE 
Durant ces deux dernières semaines, à quelle fréquence avez-vous eu des relations avec des membres 
de votre famille (parents, conjoint ou concubin, enfants, fratrie,  cousins,...) ? 
 Tous les jours 
 Au moins deux fois par semaine 
 Au moins une fois par semaine 
 Une fois tous les 15 jours 
 Jamais 
Etes-vous satisfait(e) des relations que vous avez eues avec ces membres de votre famille au cours 
des 2 dernières semaines ? 
 Très satisfait(e) 
 Plutôt satisfait(e) 
 Moyennement satisfait(e) 
 Plutôt insatisfait(e) 
 Très insatisfait(e) 
RELATIONS EXTRA-FAMILIALES 
Au cours de ces deux dernières semaines, à quelle fréquences avez-vous eu des relations avec des 
personnes de votre entourage extra-familial (amis, voisins, partenaires sexuels occasionnels,...) ? 
 Tous les jours 
 Au moins deux fois par semaine 
 Au moins une fois par semaine 
 Une fois tous les 15 jours 
 Jamais 
Etes-vous satisfait(e) des relations que vous avez eues avec ces personnes de votre entourage extra-
familial au cours des 2 dernières semaines ? 
 Très satisfait(e) 
 Plutôt satisfait(e) 
 Moyennement satisfait(e) 
 Plutôt insatisfait(e) 
 Très insatisfait(e) 
GESTION FINANCIERE ET ADMINISTRATIVE 
Au cours de ces deux dernières semaines, à quelle fréquence avez-vous veillé à votre gestion 
financière et administrative (paiements, versements, classement,...)? 
 Tous les jours 
 Au moins deux fois par semaine 
 Au moins une fois par semaine 
 Un fois tous les 15 jours 
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 Jamais 
Etes-vous satisfait(e) de la manière dont vous avez veillé à votre gestion financière et administrative 
au cours des 2 dernières semaines ? 
 Très satisfait(e) 
 Plutôt satisfait(e) 
 Moyennement satisfait(e) 
 Plutôt insatisfait(e) 
 Très insatisfait(e) 
SANTE GENERALE 
Au cours de ces deux dernières semaines, à quelle fréquence avez-vous pris soin de votre santé 
générale (hygiène et présentation corporelle, alimentation, soins médicaux et dentaires de base,...) ?
 Tous les jours 
 Au moins deux fois par semaine 
 Au moins une fois par semaine 
 Tous les 15 jours 
 Jamais 
Etes-vous satisfait(e) de la façon dont vous avez pris soin de votre santé générale au cours des 2 
dernières semaines ? 
 Très satisfait(e) 
 Plutôt satisfait(e) 
 Moyennement satisfait(e) 
 Plutôt insatisfait(e) 
 Très insatisfait(e) 
VIE COLLECTIVE ET INFORMATIONS 
Au cours de ces deux dernières semaines, à quelle fréquence vous êtes vous tenu informé(e) et/ou 
avez-vous participé à la vie collective (participation à la vie politique, associative, culturelle de votre 
milieu de vie et information au sujet des actualités régionales et mondiales,...) ? 
 Tous les jours 
 Au moins deux fois par semaine 
 Au moins une fois par semaine 
 Une fois tous les 15 jours 
 Jamais 
Etes-vous satisfait(e) de la façon dont vous vous êtes tenu informé(e) et/ou avez participé à la vie 
collective au cours des 2 dernières semaines ? 
 Très satisfait(e) 
 Plutôt satisfait(e) 
 Moyennement satisfait(e) 
 Plutôt insatisfait(e) 
 Très insatisfait(e) 
(Weber Rouget & Zanello) 
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QUESTIONNAIRE DE COPING FACE AUX TROUBLES BIPOLAIRES
1. Décrivez vos stratégies pour vous adaptez au troubles bipolaires dont vous êtes atteints 
1. Précisez lintensité de malaise, de stress que suscite chez vous le trouble bipolaire: 
1 2 3 
Faible Moyen Fort
2. Indiquez pour chacune des stratégies suivantes, si oui ou non vous lutilisez pour faire face à votre 
trouble bipolaire. Pour cela il suffit de cocher la case adéquate dans le tableau figurant à droite de la 
feuille. Vous avez le choix entre quatre réponses possibles (Oui, Plutôt Oui, Plutôt Non, Non). 
Exemple :
Non Plutôt 
non 
Plutôt
oui 
Oui 
Jai essayé dutiliser mes expériences passées pour résoudre le 
problème 
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Mettre une croix dans lune des 4 cases, celle qui correspond le mieux 
à vos réactions à lévénement décrit ci-dessus.
Non Plutôt 
non 
Plutôt 
oui 
Oui 
1.   J'ai établi un plan d'action et je l'ai suivi.     
2.   J'ai souhaité que la situation disparaisse ou finisse.     
3.   J'ai parlé à quelqu'un de ce que je ressentais.     
4.   Je me suis battu pour ce que je voulais.     
5.   J'ai souhaité pouvoir changer ce qui est arrivé.     
6.   J'ai sollicité l'aide d'un professionnel et j'ai fait ce qu'on m'a conseillé.     
7.   J'ai changé positivement.     
8.   Je me suis senti mal de ne pouvoir éviter le problème.     
9.   J'ai demandé des conseils à une personne digne de respect et je les ai 
      suivis. 
    
10. J'ai pris les choses une par une.     
11. J'ai espéré qu'un miracle se produirait.     
12. J'ai discuté avec quelqu'un pour en savoir plus au sujet de la situation.     
13. Je me suis concentré sur un aspect positif qui pourrait apparaître après.     
14. Je me suis culpabilisé.     
15. J'ai contenu (gardé pour moi) mes émotions.    
16. Je suis sorti plus fort de la situation.     
17. J'ai pensé à des choses irréelles ou fantastiques pour me sentir mieux.     
18. J'ai parlé avec quelqu'un qui pouvait agir concrètement au sujet du 
      problème. 
    
19. J'ai changé des choses pour que tout puisse bien finir     
20. J'ai essayé de tout oublier.     
21. J'ai essayé de ne pas m'isoler.     
22. J'ai essayé de ne pas agir de manière précipitée ou de suivre la 
      première idée. 
    
23. J'ai souhaité pouvoir changer d'attitude.     
24. J'ai accepté la sympathie et la compréhension de quelqu'un.     
25. J'ai trouvé une ou deux solutions au problème.     
26. Je me suis critiqué(e) ou sermonné(e).     
27. Je savais ce qu'il fallait faire, aussi j'ai redoublé d'efforts et j'ai fait tout 
      mon possible pour y arriver. 
    
(adaptation W.C.C de Vitaliano et al.) 
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 QUESTION SUR LA QUALITE DE VIE  
Pour la question suivante, indiquez votre opinion en entourant le chiffre correspondant. 
Très 
mauvaise 
Mauvaise Ni bonne, ni 
mauvaise 
Bonne Très bonne 
1- Comment évaluez-vous votre qualité de vie ? 1 2 3 4 5 
     
(adaptation WHOQOL-26) 
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Le trouble bipolaire (TB) est une pathologie chronique de l’humeur, caractérisée par des 
perturbations du fonctionnement émotionnel et cognitif lors des périodes dépressives, maniaques, et 
intercritiques (euthymiques). L’essor récent des interventions psychosociales spécifiques, telles que la 
psychoéducation, dans la prise en charge du TB est dû à une efficacité considérable démontrée dans 
l’optimisation de la réponse et la stabilisation clinique des patients bipolaires (BP). L’objectif de cette 
thèse a été d’identifier le substrat cérébral, anatomique et fonctionnel, qui sous-tend (i) les troubles 
cognitifs et émotionnels persistants lors des périodes euthymiques, afin de dégager des marqueurs 
traits de la maladie ; (ii) l’amélioration symptomatique suite à l’application d’un programme de 
psychoéducation chez les patients BP. Nos résultats ont montré que le TB se caractérise par une 
dérégulation de l’activité et de la connectivité des régions préfrontales et limbiques, respectivement 
impliquées dans le contrôle cognitif et la génération/perception des émotions. Nous avons également 
mis en évidence, à la fois au repos et lors d’une tâche cognitivo-émotionnelle, une connectivité 
anormale chez les patients BP entre le « default mode network », qui sous-tend des processus mentaux 
égocentrés, et le « task positive network », qui est impliqué dans des processus cognitifs exocentrés. 
Suite à trois mois de psychoéducation, les anomalies d’activation fronto-limbique chez les patients BP 
étaient atténuées. De plus, la diffusivité au sein du faisceau unciné, qui relie ces régions, était 
améliorée. En outre, l’atteinte de la structure anatomique des régions fronto-limbiques ainsi que de 
leurs connexions, constituait un facteur prédictif de la réponse à la psychoéducation. L’ensemble de 
nos résultats suggèrent que les déficits de régulation émotionnelle et de contrôle attentionnel 
caractérisant le TB pourraient être modulés par l’amélioration du contrôle cognitif « top-down », 
induit par la participation à un programme de psychoéducation.    
Mots-clés : Trouble bipolaire, psychoéducation, contrôle cognitif, émotions, IRMf, connectivité 
fonctionnelle, DTI, morphométrie, cortex préfrontal, système limbique.  
Bipolar disorder (BD) is a chronic mood disorder characterized by disturbances in emotional 
and cognitive processing during periods of depression, mania, and intercritical (euthymic) periods. 
Recently, the management of BD has been expanded by specific psychosocial interventions, such as 
psychoeducation, which showed high efficacy in improving BD symptoms. The aim of this thesis was to 
identify the anatomical and functional cerebral substrate related to (i) enduring cognitive and 
emotional impairments during euthymic periods, in order to identify trait markers of the disease; (ii) 
symptomatic improvement due to the participation in a psychoeducation program in BP patients. Our 
results showed that BD is characterized by dysregulation of the activity and the connectivity of 
prefrontal and limbic regions, responsible for the cognitive control and the generation/perception of 
emotions respectively. We also highlighted, both at rest and during a cognitive task, an abnormal 
cerebral connectivity between the “default mode network”, which is involved in egocentric thought 
processes, and the “task positive network”, which is involved in exocentric cognitive processes. After 
three months of psychoeducation, BD patients showed significant reduction of fronto-limbic 
abnormalities and better diffusivity along the uncinate fasciculus, which connects these regions. 
Furthermore, abnormalities of the anatomical structure of fronto-limbic regions, as well as of their 
connections, may be a predictor of psychoeducation outcome. We thus suggest that impairment of 
emotional regulation and attentional control that characterized BD could be modulated by the 
improvement of the “top-down” cognitive control induced by the participation in a psychoeducational 
program. 
Keywords: Bipolar disorder, psychoeducation, cognitive control, emotions, fMRI, functional 
connectivity, DTI, morphometry, prefrontal cortex, limbic system. 
